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ABSTRACT 


Four new compounds have been isolated by the 
combined use of column and thin layer chromatography 
from the leaves and twigs of the Western Canadian Yew, 
Taxus brevifolia Nutt. 

The structures of the three major components 
were established and confirmed by synthesis as the 
following compounds, 4-(p-hydroxypheny1) -butan-2-o01,4- 
(p-benzoyloxypheny1) - 2-benzoyloxy-butane and 4- 
(p-benzoyloxypheny1) = butan-2=-ol. A partial structure 
for the fourth compound, present in trace amounts only, 
was proposed. 

Despite reports to the contrary neither "taxine" 
nor any other alkaloid could be detected in samples of 
T. brevifolia collected under a wide variety of ecological 
and seasonal conditions. 

"Taxine" was readily isolated from T. baccata.L. 
In addition 4-(p-hydroxyphenyl) -butan-2-o0l together with 


its mono and dibenzoyl esters were isolated. 
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INTRODUCTION 


MOETOD AO STuT 


The plant family Taxaceae belongs to the plant 
subkingdom Spermatophyta, class Gymnospermae, order 
Coniferales. There are ten genera and seventy-five species 
in the family. The genus Taxus is represented by at least 
six species in the north temperate zone. Over and above 
these, one species occurs in Mexico and another in Florida. 
The species indigenous to Canada are T. canadensis Marsh, 
also called American Yew or Ground Hemlock and the Western 
Yew, or T. brevifolia Nutt. The Western Yew is found on 
the islands and mainland of the Pacific Coast, in the south- 
ern part of the Selkirk and Rocky Mountain ranges, where it 
occurs as a shrub, seldom as a tree. The Western Yew is at 


present of no commercial importance in Canada. 


The most extensively investigated species of Taxus 
is the European Yew, T. baccata Linn. The interest in the 
chemistry of Taxus arose because of the very early observa- 
tion that the leaves and fruit are extremely poisonous. The 
first investigation was by Cornevin (1) as quoted by Whitehead 
(2). Also in the same journal there was a short account of 
experiments carried out at the Royal Veterinary College (3) 
on the poisonous characteristics of Yew. Reports of Yew 
poisoning are found in the communications of Novara (A) 
Aufrecht (5), Suddent (6) and Nicholson (7). However, cases 
have been reported where no fatal results have followed from 
eating Yew leaves. To explain this some have suggested 
that the toxicity of Yew varied with the season. Others have 
suggested that only leaves of the male tree are poisonous, 


whereas the leaves of the female tree are innocuous. 


Se sd o2 eenoted seeoate? wheat ee wlg 


tte dpa ec Dn 


teaiuo , oaecnemaene ae sib 


05 5 tex beg pense pew Ae. | aye ae = a mt 
esloaqe svii-videves brs ezenee. mad 


ip pen + 7 ae + = ey eye se ra? ~ - ‘go fT? . irs ke a 
SSBSi: 5 i DSOTiSe Wiese sche » ean ES ott 
SVOdS O16 YSVO ...ehOs, etbwegmes Adgoq eda 
= he a + } mL 1 7 " J 


—SDLvolt me rsrttons bre copes fi etosoo a 
1eatsM alenebagnss). if she Sea cO on” sivoOrSy ibad ; salsa 


NAasseewW eas prise HooLmgh) Bowow ro we Asser ss sa belies 


oe 


ot OM ih: 2S A Saal we 
“iguoe sij ai .tjese) oft ens Gb deity iiem Sas abasie: ty 
hig ely 


~ 
2 
1 

Pat 
& 
ha 
" 

= 
=| 
p 
ot 
‘4 
J 
t 


_— ne at cere les 


mst on Jeeyesitni sry Ssivect ee Poo EN we neeqorud oid 2. 


-svisedo vYiuse yrav sda do seivshbed soy suns T to ee: 


vonostog yloemexixe S16 Jiu? Bom eevee end ge 


rie ,. ret ryr | f ry ; ; nee a ' 
edkaiW mes (f) olvenvoo \d esw aoltepiosevnt dealt 
to “sono s t&ay 5 asw orols Ceniuot ome aie AE oeiA 4) 
for 4 [Sif tS7e\y I ; YO St J 6 Juw baltns simon 
WSErt to aduw3689”dan -wey td ealtesr sac AIlsds es -¥¢1 

EAS evoros beg 
, Ob) S1670\" =) 1. PSO Cn Umied ons mt —_ 


7 - 
29aAD .teVewor -(¥) coalodoiu MiG (93) es 


mors Dewdlilo?d eved eolvass Deged orl ocean, 


hoieepoy4’ sven Snee v ina, neolopee: et * fs 
eval B14dI0 -Hoanea arte cok pay 


— sauenon tog 4in e679 onl a 4 } 


 ,eoooanl O18 mt | tae 


Despite the poisonous characteristics of the Yew, 
it has reported medicinal uses. Kondo and Ammano (8) have 
stated that an extract of the leaves of the Japanese Yew, 

T. baccata L. var. Cuspidata (Pilg) was used as an abortifi- 
cant and to cure diabetes in Japan. The earliest chemical 
investigation of the Yew (T. baccata) was made by Lucas (9). 
He reported the existence in T. baccata of a specific alka- 
loid, to which he gave the name of taxine. In 1876 Marmé 
reported the properties of the alkaloid as a white crystal- 
line substance, soluble in dilute acids, alcohol, ether, 
chloroform, benzene, and carbon disulphide, but insoluble 
in petroleum ether and water. It was odourless, hada 
bitter taste and gave precipitates with several alkaloidal 
reagents but not with platinic chloride, auric chloride, 
mercuric chloride and potassium platinicyanide. It melted 
at 80°C., turned red with concentrated sulphuric acid and 
gave no crystalline salts with any of the usual inorganic 


acids. 


Amato and Capparelli (11), in 1880 attempted to 
isolate taxine from T. baccata. After following an elabor- 
ate extraction procedure they isolated a liquid having an 
odour of wild fennel, a non-nitrogenous crystalline sub- 
stance m.p. 86-87°C., very difficult to crystallise and 
purify, to which they gave the name millossin, and an alkaloid. 
They have described the properties of the alkaloid as colour- 
less, crystalline, having a musty odour, soluble in alcohol 
and ether and insoluble in water. It gave dense white fumes 


when a glass rod dipped in hydrochloric acid was held near it. 
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It gave a canary-yellow precipitate with phosphomolybdic 
acid and a white precipitate with tannin, which became 
crystalline on standing. 

Ten years later a more detailed chemical 
examination of T. baccata was carried out by Hilger and 
Brande (12). They followed the isolation procedure of 
Marme but reported the alkaloid as non-crystalline. 
They observed the same solubility behaviour for the 
substance as that of the previous workers and reported 
the melting point as 82°C. The evolution of a 
characteristic aromatic odour was noted at the melting 


point. The molecular formula assigned was C H_ NO 


7) AMO} 


They also reported the preparation of crystalline 
derivatives, the hydrochloride, platinic chloride and 
ethiodide having molecular formulas C37H59N0)oHCI, 

(C37H52NO10)HaPtCle and C37H52N019CjH_I respectively. 
From these results they concluded that taxine was a 
tertiary base. 

In 1892 Munro (13) extracted the leaves of 
the male and female tree and found an alkaloid, which 
appeared to be taxine, which was present in slightly 
larger quantities in the male tree than in the female. 
He also pointed out the extreme difficulty of purifying 
taxine. Vreven (14) in 1896 also obtained taxine using 
a different extraction procedure. Vreven did not do 


any chemical examination on the isolated alkaloid. 
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Six years later Thorpe and Stubbs (15) carried out 
a detailed chemical investigation of the Yew. They reported 
that the most suitable method of extraction of taxine was 
with 1% aqueous sulphuric acid. They also recorded the gen- 
eral properties of the alkaloid, the molecular formula. of 
the base, the molecular formulas of some of its salts and 
its colour reactions with different reagents. In addition 
they reported that heating of taxine with 10% aqueous hydro- 
chloric acid for three hours decomposed 95% of the base, 
producing at least two substances, one of which is non- 
nitrogenous and amorphous, but with a melting point Omer 
The second product of decomposition was brown in colour and 
separated from the aqueous acid solution during heating. 


Ross (16) in 1909 confirmed the results of Thorpe and Stubbs. 


The first significant advance in the chemistry of 
taxine was due to Winterstein and collaborators (17-18). 
They reported taxine as an amorphous substance of molecular 
formula C37H51NOj9, m.p. 105-110°C. and [ oc Jot51-52° (absol- 
ute ethanol). They prepared a methiodide C37H5,NO)9.CH3I, m.p. 
12 WAS IOS Y The results of their investigation resulted in 


the proposal of the following partial formula for taxine: 
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Kondo and Ammano (8) isolated taxine from the 
Japanese Yew, T. baccata var. Cuspidata which is botanically 
only slightly different from the European Yew, T. baccata. 
They agreed with Winterstein's results, except in optical 
rotation, which was reported as [recy 5+33-34=- Also 
reported was the formation of a crystalline acid, 
Mae $33°@S:; an amorphous acid, formic acid and acetic 
acid by the alkaline hydrolysis of taxine. They confirmed 
that taxine was not a glycoside. In 1925 Kondo and 
Takahashi (19) reported the presence of three hydroxyl 
groups in the taxine molecule, on the basis of the 
formation of a triacetyl derivative. 

Hydrolysis of taxine with 0.2N alcoholic potassium 
hydroxide produced (1) a yellow nitrogenous substance, (2) 
a crystalline substance insoluble in ether, m.p. 2360Cor 
(8) "acetic acid, formic acid, citric acid, and (4) a 
powdery acid. The nitrogenous compound had the molecular 
formula Cj,H3,NO.5 with ECaalee - 45.51°. To this compound 
they gave the name taxinolamine. Decomposition of 
taxinolamine produced an amorphous acid, taxic acid, 
molecular formula C,¢H9905 and [Lecaize = A929". 
Taxinolamine had at least three hydroxyl groups, did not 
give any reaction with semicarbazone or hydroxylamine 
and did not form a methiodide. The two other oxygen atoms 
present in taxinolamine were not present as carbonyl 
groups. The acetyl taxinolamine with potassium 
permanganate in glacial acetic acid gave a compound 
H>¢NO, (CO.CH,) 5. When oxidised at a higher temperature 


Sass 
it gave a substance Cy9H7¢6N0¢(0.CO.CH3)5. Hoffman 
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degradation of taxine methiodide resulted in a nitrogen- 
free compound C35H44°10 with lec a e° + 50.72°. This 
compound on alkaline hydrolysis gave acetic acid, citric 
acid, taxic acid and a neutral substance Cj)9H 40s, 

m.p. 94-95°C., which was called taxinol and corresponded 

to taxinolamine less (CH3) oNH. Hence, it was concluded 
that taxine was the ester of taxinolamine and a hydrate 

of taxic acid and the unsaturated alcohol taxinol produced 
by removing (CH3) 2NH from taxinolamine. From these results 
the partial structure of taxine was Segoe 


= TTS 
- CH = CH . CgH),0. . isteach ) (OH) 3 (CH) 5-CgHe 
3 


CoH. 


Six years later Thakahashi (20) reported the 
results of his investigation of taxinin, a nitrogen-free 
compound and a decomposition product of taxine. He 
assigned taxinin the molecular formula C30H32 (34) [9 and 
on the basis of the degradation products of the compound 


proposed the following structure for taxine: 


O 
N 
2 jo 7 9 ~ CgHy 50 
C36135 (34) Cg = CeH5-CH = CH-C-O-CH\ | ~C. CH=CH.C¢H, 
CHp=e =. 0 O 
I} 
O 


In the same year Callow, Gulland and Virden (21) 
isolated taxine from T. baccata and confirmed the molecular 
formula as C37H5 jNOj9- They reported the isolation of 
B-dimethylamino-f-phenyl propionic acid from taxine after 
hydrolysis with boiling dilute sulphuric acid. The other 


product of hydrolysis they called anhydroxatine (C5 .H36 (34) 7) - 
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Anhydroxatine contained no methoxyl group, no ketonic or 
aldehydic carbonyl group, and was not oxidised by Fehling's 
solution. Nevertheless it reduced Tollen's reagent. 
Further, it was unsaturated towards permanganate and 
behaved as a lactone towards alkali. On the basis of 

these observations they concluded that anhydroxatine was 

an unsaturated lactone of the type of angelicolactone. 

They had accounted for all the oxygen atoms and also the 
nitrogen atom and proposed the partial structure of taxine 
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In a second communcation Gulland and Virden (22) 
reported the isolation of ephedrine from T. baccata. 

Takahashi (23) made further studies on taxinin. 
He revised some of his previous results and also gave the 
results of hydrogenation, oxidation and hydrolysis 
reactions. The same author (24) in 1934 further revised 
the results of his previous work and finally proposed two 


alternate structures for taxine: 
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Twenty-two years later Graf (25) described in a 
lecture his results on the chemical investigation of taxine. 
Here he reported that taxine was a mixture of alkaloids, 
which he called taxine A, taxine B, and taxine C. The 
latter was present only in very small amounts. He also pro- 


posed a partial structure for taxine A and taxine B: 


alg. HO=H9-9-0- 
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(1) taxine A - C35HyQNO1, 
crystalline, m.p. 204 - 206°C. 
20 fe) 
oe = - 140 
(CH, .COO) 3 
(OH) 5 
partial formula == C5 7H3QN 
= Cai= 10 
| 
Ce —© 


Approximately 30% of the mixture of alkaloids, m.p. 111 
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Amorphous - forms a crystallizable diacetate. 


partial structure -- 


CH,COO- O 
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(3) taxine C - present in traces, crystalline, m.p. lee 
Graf and co-workers (26-29), in a series of four 
papers, elaborated the results of their previous 
communication on taxine A and also revised the molecular 
formula of taxine B to C 33H, 50gN and also on the basis of 
ultraviolet and infrared spectra proposed the presence of 
an Xp unsaturated carbonyl group. They also confirmed 
the presence of /8-dimethylamino fh -phenyl propionyl 
grouping in the molecule by acid hydrolysis. They also 
investigated the optical activity and configuration of 


[8 -amino f2- phenyl propionic acid and its N-methyl 
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derivatives. The amended partial formula for taxine B 


was proposed as: 


O cH 
i | 
FOLCIGHE SCH) = G-H 


2 Gre5 
c =C-cC=0 
O 
I 
= (0) C.CH, 
(OH) , 
It was also speculated that the main carbon skeleton of 
the alkaloid may be diterpenoidal. 

The Japanese workers Kondo, Taga and Takahashi 
and their co-workers continued their investigation of 
taxinin and published their findings in a series of 
papers (30-34). They further revised the molecular 
formula of taxinin from C30H32(34)9g tO ©31H398(40) [g- 

They also discussed the results of catalytic hydrogenation, 
selenium dehydrogenation, lithium aluminum hydride 
reduction and hydrolysis reactions and also the 
ultra-violet and infrared spectra. Their work regarding 
taxinin is contradictory and confusing. 

Baxter, Lythgoe, Seales and Trippett (35) 
published the results of their investigation of T. baccata L. 
They have also shown that taxine is a mixture of alkaloids 
and have named the major alkaloid of this mixture as 
taxine I, molecular formula C33H,z5OgN. By treating the 


crude taxine methiodide with cold potassium carbonate 


solution in water they eliminated trimethylamine from 
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the "taxine" mixture of alkaloids, producing the mixture 
of cinnamate esters. Zemplén removal of the acetyl groups 
from the cinnamate complex followed by crystallisation 
gave the major component, which they have named as 
O-cinnamoyltaxicine-I, Cy9H3607, m.p. 22AaCr [f«], THEI] Chae 
O-cinnamoyltaxicine-I by hydrogenation was converted to 
Oo. p. phenylpropionyltaxicine I, m.p. 207 ee [xJ, + iG. 
This compound formed a triacetate m.p. leas (Ea ese, 
containing one free alcoholic hydroxyl group. They have 
suggested that the alkaloidal precursor of these compounds 
occurs mainly as the monoacetate of o-p-dimethy1 amino-- 
Bee CP Ogee C33Hyz50gN. It was also suggested 
that the parent compound taxicine-I, C59H3906 was 
diterpenoidal. It decomposed in alkaline solution. In 
their further studies (35) they have chosen O-cinnamoyl- 
taxicine-I as the starting material. This compound was 
shown to contain four hydroxyl groups, some of which are 
vicinal, as indicated by periodate oxidation studies. 
o--pheny1propionyltaxicine-I, a controlled hydrogenation 
product of O-cinnamoyltaxicine-I, was shown to contain an 
isolated methylene double bond. This was shown by 
oxidising the triacetate of o-B-phenylpropionyltaxicine-I 
with potassium permanganate producing a glycol, which was 
split be lead tetraacetate to formaldehyde and a carbonyl 
compound C3,Hy,9011, which formed an oxime. On the basis 
of these results and spectral evidence they proposed a 


partial, formula for taxine-£: 
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More recently Baxter, Lythgoe, Scrowston and 
Trippett published (36, 37) further results of their in- 
vestigation of taxine-I. In their investigation they have 
chosen O-cinnamoyltaxicine-I as their starting material. 
They have established the functional groups in this mole- 


cule on the basis of chemical and physical evidence as: 


O 


 aiee -. CH = CH.C-H. 


( > CH-OH). 
Cay at >C - OH 
>C = CH 


YC = C+==C-= 0 


By a periodate cleavage of O-cinnamoyltaxicine-I 
these workers obtained two fragments, an acidic and a 
neutral one, which together accounted for all the carbon 
atoms in the molecule. By degradation experiments and also 
on the basis of spectral evidences they have shown that the 


acidic fragment had the structure: 
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The neutral fragment was assigned the structure: 


OHC Wa 


OHC No =e 


The structure of the neutral fragment was confirmed by de- 
gradation studies and spectral evidence. On the basis of 


these results they proposed two alternate structures for Oo 


cinnamoyltaxicine-I. These structures were: 
1 .e OH 
o= O 


OH 
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Other than the alkaloidal mixture "taxine" there 
have also been isolated from T. baccata a glucoside called 
taxicatin (38,39), Cy,Ho90g mp. 169-170°C. [%& ]2° - 67.25°. 
The structure of this glucoside was confirmed by synthesis 
(40). Over and above this glucoside several common sugars 
and a rare sugar 2-O-methyl L-fucose (41), which was 
previously unreported in nature, were isolated. Three 
biflavanoidal pigments have also been isolated from 


T. baccata (42-44) which have been shown to have the 


general structure: 


One of them has been identified as sciadopitysin 

(Ry = RD = Re = CH, end Ra = Rg-= Re = H). The two other 
biflavanoid pigments were isolated in very small amounts 
from T. baccata. One of them is an isomer of sciadopitysin 


differing only in the position of the methoxy groups. 
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Several other species of Taxus were examined by 
Hegnaur (45) and he has reported that "taxine" probably 
occurs in all species of Taxus. Masson (46) examined the 
species T. canadensis and reported the presence of small 
amounts of an alkaloid resembling taxine in its general 
reactions. He also reported the presence of a hitherto 
unreported glycoside, molecular formula C1 6 H26 911° the 
structure of which has not yet been established. Bourbeau 
(47) has reported the isolation of an entirely new alka- 


loid C37H57N30j0, which he has named taxinin. 


T. brevifolia Nutt was first investigated by Johns 
and Lynn (48). They found no volatile oil, no alkaloid and 
no glycoside in this species. Massor (49) has reported the 
presence of "taxicatin" probable, whereas Tyler (50) has 
reported the presence of small amounts of taxine in this 


species. 


In view of the wide diversity of results reported 
both for the alkaloids and other constituents of the genus 
Taxaceae, an investigation of the alkaloids and other con- 
stituents of T. brevifolia and subsequently T. baccata 


was undertaken. 
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SECTION (i) 


DISCUSSION OF EXPERIMENTAL WORK 


SG = 


(1) Extraction and Separation of the constituent 


components of T. brevifolia and T.. baccata. 


Despite the fact that chemical investigations on 
constituents of Taxaceae have taken place for over a 
century, the information available from this mass of 
research is inconsistent, contradictory, confusing and 
in many cases chemically unacceptable. An example of 
this chaotic state can be seen in the results reported by 
the Japanese group of workers (8, 19, 23, 24, 30, 31, 32, 
33, 34) who have published the largest number of papers 
on T. baccata L. var.cuspidata. They have revised the 
results in their previous communication in almost every 
subsequent publication but the end result has in no 
substantial way contributed to the solution of the problem. 
Others have reported (21) that they were unable to 
reproduce some of their own reported results. The most 
widely examined species of the Taxaceae is T. baccata 
Linn. All those who investigated this species prior 
to Graf (25) have stated that it contains an alkaloid 
"taxine" and have reported reactions and properties of 
this alkaloid. These are for the most part contradictory. 
Graf (25) in his first communication pointed out that 
the so-called "taxine"” was a mixture of three alkaloids. 
This was confirmed later by Baxter and his co-workers (35). 

On one point, however, most of the investigators 
are in agreement, in that “taxine" is extremely unstable 
boch in solutrone and in the solad state (15, 21). Two other 


important observations were that "taxine" decomposes in aqueous 
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hydrochloric acid and a stable "“taxine" derivative 
(dihydro-O-B-phenylpropionyltaxicine-I) rearranges under 


mild conditions in aqueous hydrochloric acid (35). 


One of the less widely investigated species of 
Taxus is T. brevifolia, or the Western Yew. With this 
species, as with T. baccata, conflicting and contradic- 
tory reports concerning the chemical constitutents have 
been published. One group claimed the complete absence 
of alkaloids, heteresides and volatile oils (48), whilst 


a second claimed to have isolated "taxine" (50). 


At the outset of the present investigation it 
was patently obvious that the key to the successful 
structural elucidation of the components of the Taxus 
species was the extraction of the plant components under 
the mildest conditions, followed by the separation of 
the mixture so obtained into single components. These 
procedures were in turn dependent upon the establishment 
of a rapid physical method with which to follow these 


separation techniques. 


The gross extraction procedures used were cold 
percolation and soxhlet extraction. In both cases the 
finely powdered plant material was pre-extracted with 
n-heptane to remove lipids and part of the colouring mat- 
erials. Two separate solvents were used cay EHS cold 
percolation technique; (a) 5% V/V acetic acid in meth- 


anol and (b) 2% V/V aqueous sulphuric acid. Methanol 
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was used in the soxhlet extraction method. In all cases 
the plant material was extracted until evaporation of a 
bomtlon or sche extract Vebt Pittile on no residue. The 
methanol extracts were concentrated by vacuum distilla- 
tion to a small volume before proceeding, whereas the 
aqueous acid extract was used as such. In the case of 
methanolic extracts, precipitation of water insoluble 
materials, mainly chlorophyll, was followed by filtra- 
tion. This gave an amber coloured filtrate which was 
then extracted with diethyl ether at various pH values. 
The ether extract gave, after evaporation ‘in vacuo' 

a pale yellow viscous liquid, the E series extracts. 

In the case of the acid percolate, the percolation was 
stopped when the extract failed to give positive Mayer's 
test. The percolate was made basic and extracted with 
ether; “this ether) extract on jevaposation gave: a.palie 
yellow viscous oil. The only gross difference in the 
weights of the extracts obtained was that of the 
soxhlet extraction, which gave almost twice the yield 
of extracts. The soxhlet method because of its ef- 
ficiency and ease was used for ali further extractions 


of plant material. 


Both the acid (E 7) and basic extracts (E 5; 
E 6, and E 8) from T. baccata gave a positive Mayer's 
test (alkaloid), as did the acid extract (EF 3) Exom 


T.brevifolia. There was little if any basic extract 
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(E 4) obtained from T. brevifolia. Although samples of 
T. brevifolia were obtained from trees having different 
locations and also from the same location at different 
times of the year little or no basic material (E 4 a, 

E 4b, E 4 c) could be obtained from any of these plant 
materials. This was in agreement with the findings of 
Lynn and Jones (48) but diametrically opposed to the 
more recent work of Tyler (50). The later work is 
however open to severe criticism, since the isolation 
and purification techniques used to obtain 'taxine' 
would have completely decomposed the "taxine" alkaloidal 


complex. 


It was expected that paper chromatography 
of the extracts would reveal the number of components 
and could also be used to follow the column chromato- 
graphic separation of these extracts. However, whilst 
a new spray reagent, 1% aqueous solution of potassium 
ferriccyanide, followed after drying with 1% aqueous 
ferric chloride proved to be very sensitive, no separa- 
tion of the components present in a typical extract 
E 3 could be achieved. Since no separation was found, 
further work on paper chromatography was abandoned. It 
was hoped that the individual components of the extracts 
could be separated by column chromatography or by similar 


mild methods. 
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It was not until sometime later that the then 
little used Thin Layer Chromatography (TLC) was in- 
vestigated for use as a rapid physical method of sep- 
aration and detection. TLC proved to be an extremely 
efficient and rapid method not only for qualitative 
separation of the components of the extract but also 
aS a means Of following the separations achieved by 
adsorption column chromatography and it was therefore 
not until much later that TLC was used to follow the 
column separations. It was found that a 0.25 mm thick 
layer of silica gel G (Merck) on a glass plate, when 
developed under the supersaturated chamber technique 
(55) with either a methanol/chloroform/n-hexane/ 
diethylamine (3:10:20:2.3) or a methanol/chloroform/ 
n-hexane (11:20:40) solvent mixture gave an excellent 
separation of the individual components. The acid 
extract E 3 was found to contain four main components 

which are referred to hereafter as compounds A, B, C, 
and D together with a minor component E. These had R¢ 
Values mOmoo, "Oeei,  Oe>o, O..66, and 70.96 for an 8 to 9 
cm. solvent run. The materials had no ultraviolet fluo- 
rescence, but were easily detected by a ceric sulphate 
(1%) /10% aqueous sulphuric acid spray (51). This 
spray reagent gave a Violet colour with compound A at 
room temperature and dark brown spots with all other 


compounds after heating the sprayed plate at 110°c 
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for 3 - 5 minutes. The extreme sensitivity of the rea- 
gent when used with almost any organic material makes 
this mixture an almost ideal spray reagent for TLC, 


when inorganic materials are used to make the thin film. 


It was now possible by the use of TLC to eval- 
uate in more detail the different extraction procedures 
that had been used (see part III section (i)). All 
methanol based extracts of T. brevifolia were found to 
Gonitain{| compounds A;,=sB, °C) DD; -and)traceso£f-E;-and in 
addition some material Re < 0.3 could be detected but 
was not as sharply separated as the rest of the compon- 

ents. A, was in ali cases the major component of the 
extracts. The heptane extract showed ‘chlorophyll and 
related pigments near the solvent front but only trace 
amounts of A, B, CC, D, and E were found. Extract EH 2 
contained the major component A and was otherwise simi- 


lar in all respects to those already described. 


The extracts derived from T. baccata showed 

significant differences in the basic extracts (E 5, 

E 6, and E 8). These should correspond to the "taxine" 
alkaloidal complex. TLC of these extracts showed three 
distinctly coloured spots when sprayed with the ceric- 
sulphate spray reagent, R¢ 0.81, 0.88, and 0.92, without 
heating. On heating, there was also present, a series 
of closely separated spots R- 0.15 - 0.30, in addition 


to the previously described spots. 
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In contrast extract E 7 was qualitatively 
identical to similar extract E 3 from T. brevifolia. 
It contained A, C, and D. TLC separation patterns 
were virtually identical for all the three different 
primary extraction procedures. The soxhlet extract 
with methanol did however show a somewhat higher concen- 


Erationso£nAs 


In view of the more ready availability of 
T. brevifolia and also that it appeared to contain less 
components than T. baccata, work was initially under- 


taken on the former species. 


In an effort to effect a preliminary separa- 
tion of the components of the extract E 3, three meth- 
ods were used, an acid/base/neutral separation, short 


path vacuum distillation and steam distillation. 


The acid/base/neutral separation failed to 
effect any significant fractionation and was accompanied 
by a large initially unaccountable overall loss of 
material, which was found later to be due to the re- 
latively high solubilities of the components in water. 
Whilst three fractions were obtained TLC showed these 
to be essentially the same. Infrared spectra of these 


fractions were also virtually identical. 


Short path vacuum jistillation at 40°C of 


the extract E 3 was now trisd when two main 
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distillable fractions and a deep brown non-volatile 
residue were obtained. One of the volatile fractions 
was a colourless crystalline compound m.p. 120), Saale. 
which was readily identified as benzoic acid. The 
second, a pale viscous oil was found by TLC to be almost 
pure A with only slight traces of D present. The 
residue contained only A together with other new 
unidentified components (Ry <€ 0.30) and also deep brown 
colouring material. Since the yields of benzoic acid 
and A were low this method was not further used for 
the isolation of A or benzoic acid. 

Steam distillation of extract E 3 was more 
successful. An ether extract of the steam distillate 
gave on evaporation a small amount of a volatile liquid 
which had a peculiar odour. TLC showed this to be E 
containing trace amounts of A. The golden brown 
supernatent liquor left in the flask after steam 
distillation was decanted from a brown resinous mass. 
The aqueous liguor when extracted with ether gave after 
evaporation a light brown viscous oil, shown by TLC to be 
mainly A with traces of compounds Re 0.3. The brown 
resin was soluble in chloroform which gave after 
evaporation a dry viscous residue. This residue was 
extracted first with cold, then hot benzene. The hot 


benzene extract after evaporation gave a pale yellow 
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viscous oil composed mainly of D with traces of C. The 
dark brown residue obtained by evaporation of the cold 
benzene extract consisted mainly of A with some B, 


and C and traces of D. 


In an attempt to obtain pure D from the mix- 
ture of D and C (obtained from the hot benzene ex- 
tract), separation by column chromatography on alumina 
(activity V) was employed. Only relatively small amounts 
of compound D were recovered from the column. Instead, 

A and C were obtained. An infrared spectrum of D 
showed an absorption band at 1779 cm.72, This was not 
found in the infrared spectrum of compound A isolated 
from a column separation. Alkaline hydrolysis of D 
obtained from the above column (VIL fraction 5), gave, 


after working up, benzoic acid and A. Therefore D 


can be considered as a benzoylated A. 


The cold benzene extract from the steam dis- 
tillation residue contained a higher concentration of B 
relative to the starting material (E.3), of the exper- 
iment. The separation of B from this enriched fraction 
was possible by alumina column chromatography. But com- 
plete separation of B from A and C was only possible 
after repeated chromatography on alumina followed by a 


Silica gel column separation. 
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Meanwhile, previous to the above three pre- 
liminary gross component separations, column chromato- 
graphic fractionation using alumina, activity Vv had 
given three majox eluate fractions and had different 
infrared spectra. The spectral differences were mainly 
in the carbonyl region (1780 - 1690 em.~1). It was only 
by repeated column chromatography that these three 
distinct fractions were obtained. With the develop- 
ment of the TLC technique the identification of the com- 
ponents of the eluate fractions became a simple routine 
matter. The main fractions previously isolated after 
lengthy procedures were now found to contain mainly 
compound A but with differing amounts of B, C, and D. 

It was at this stage possible to select the steam dis- 
tillation method for the gross separation of the compon- 
ents of the extract E 3 of T. brevifolia, to be suppli- 


mented wherever necessary by column chromatography. 


Initially column chromatography had been the 
only method available by which a separation of the com- 
ponents of the plant extracts could be satisfactorily 
followed. Even so, this was dependent on slight dif- 
ferences in infrared spectra and on differences in phys- 
ical states of the eluate fractions. It was not until 
after the successful development of TLC that the separ- 
ation observed On adsorption columns could be ration- 


alised. At that time it was obvious that to attempt a 
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separation of the total extracts by column chromato- 
graphy was inferior to the steam distillation technique. 
Nevertheless the knowledge obtained from the multitude 
of column separations was invaluable for the purific- 
ation of the enriched fractions, obtained by steam 


distillation and the other methods. 


Three major fractions were obtained from the 
crude extract when it was separated on an alumina 
column (column Hag) These were the benzene, anhydrous 
chloroform, and 1.5% v/v methanol/chloroform eluates. 
The benzene eluates gave a volatile liquid whose boil- 
ing point was close to that of benzene. TLC showed this 
to be E. Several individual fractions eluted with anhy- 
drous chloroform, gave a viscous yellow liquid which 
after standing for 8 - 12 weeks at O°C partially sol- 
idified. TLC showed this to be A with traces of B. The 
1.5% methanol/chloroform eluates also gave a material 
solid at room temperatures, but non-crystalline. The 
infrared spectrum of both the eluates showed strong hy- 


dl 


droxyl absorption (3600 - 3300 cm. ~ envelope). TLC 


showed this also to be mainly A with traces of B. 


In an attempt to improve the separation a 
portion of eluate fractions (131 - 140), from alumina 


column <r, was acetylated and chromatographed on 
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an alumina column. The first two fractions eluted with 
benzene constituted over 50% of the total material; 


however, late benzene eluates had some starting material. 


At this point TLC was developed and used for 
the first time to aid the separation of the Taxus 
species constituents. The eluate fractions obtained 
by column chromatography were found to be mixtures. 
Fractionation of these mixtures was not possible by 


column chromatography. 


Since TLC proved to be extremely efficient 
in the qualitative detection of the components and 
effected good separation, it was decided to use TLC 
in a preparative manner. The thickness of the silica 
gel layer was increased to 1 mm. and the sample applied 
in a continuous line instead of spaced spots. Detection 
of the chromatograms in the standard way, was by the 
elegant water spray method of Bishop and Tate (52) 
which gave opague bands on a translucent background. 
The opaque zones were marked and removed after drying 
by the "micro vacuum cleaner" technique. Elution of 
the silica gel either in the cold or by a microsoxhlet 
gave TLC pure compound A. This was found to be a 
colourless oil, which would not crystallise from sol- 
vents but slowly solidified to a crystalline mass at 


-70°C. Eluate fractions (ley - 140) from column Ir 
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composed of A and traces of B was acetylated and puri- 
fied by alumina column chromatography which gave a single 


component. 


When micro-analytical data for A and acetyl- 
ated A were received it was found that A contained 
nitrogen whereas acetylated A did not. Saponification 
of the acetylated material gave only A. Furthermore, 
compound A before TLC purification did not give a 
qualitative test for nitrogen. When the alternate 
solvent system, which did not contain diethylamine, 
was used analytical results showed the absence of nitro- 
gen. The anomalous analytical results can be explained 
by the non-stoichiometric retention of the diethylamine 
by the glass like material. It was extremely difficult 
to obtain compound A and in general all the compounds 
encountered in this investigation, free from solvents. 
Only one compound in the whole investigation was ob- 


tained in a solid crystalline state. 
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DETERMINATION OF THE CHEMICAL STRUCTURE 


OF THE ISOLATED COMPOUNDS 
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Since compound A was by TLC the major 
component of all extracts of T. brevifolia and closely 
related if not identical to F, of T. baccata and also 
had been isolated in highest yield it was the first 


compound to be systematically investigated. 


Initially it was assigned the empirical form- 
ula C37H5,;NOj9, on the basis of microanalytical data 
obtained from a sample purified by preparative TLC, 
using a solvent containing diethylamine. The nitrogen 
analysis was later shown to be due to a non-stoichio- 
metric retention of diethylamine by the viscous compound 
A. The assignment of nitrogen was not initially ques- 
tioned since the compound gave all the qualitative 
precipitation test for organic bases. Further evidence 
for the initial empirical formula was that A rapidly 
reacted with lead tetraacetate to consume 5 moles of 
the oxidant which would correspond to the cleavage of 
vicinal hydroxyl groups and the acetylated A did not 


consume any lead tetraacetate. 


However, it was difficult to reconcile the 
C37Hs5 N09 with other data available. The acetylated 
A did not contain nitrogen. Its molecular weight 
both by the Rast and vapour pressure methods was 258 - 
250. The infrared spectrum was not consistant with 
vicinal hydroxyl groups. It was at this point after 


weighing all the contradictory evidence which will not 
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be discussed that it was found that in fact the nitrogen 


was due to trace Contamination. 


The alteration of the TLC procedure finally 
led to the isolation of A as a nitrogen free colourless 
viscous oil. This had a molecular formula C1041 422 
which on acetylation by the pyridine/acetic anhydride 
method gave another colourless viscous oil of molecular 
formula Cj4H)g0,. The latter corresponded to diacetyl A. 
Alumina column chromatography of the acetylation pro- 
ducts of a sample of A containing traces of B, easily 
separated diacetyl A from acetylated B. Diacetyl A, 
under mild conditions, was readily deacetylated to 
give A, thus proving no structural changes occurred 


under the acetylation conditions used. 


It was an examination of the physical data 
of A and diacetyl A together with several qualitative 
tests that suggested the following tentative structure 


for A to be proposed. 


CH>.CH.,.CH.CH3 
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Infrared spectrum of A (as a thin film) showed a broad 
absorption envelope at 3275 om.71, assigned to inter- 
molecular bonded hydroxyl groups. The lack of signifi- 
cant absorption between 1800 - 1600 cm.-1 excluded @ 
normal carbonyl group. The carbonyl group could not 
be excluded entirely on spectroscopic evidence since 
some hydroxy ketones fail to show typical ketone absor- 
ption. But the formation of a diacetyl derivative and 


its infrared spectrum almost completely excluded a car- 


bonyl group. Absorption at 1600 om.~+ and 1510 cm.-1 


was typical of c = c - aromatic skeletal in plane 
vibration. A series of absorption bands from 840 - 690 
om.~1 were characteristic of a disubstituted aromatic 


system and in addition a strong band at 824 om. 71 


was suggestive evidence of a para-disubstituted aro- 
matic system. However, since it is known that polar 
substituents on aromatic systems cause both intensific- 
ation and shifts of both the in plane and out of plane 
banding vibrations of aromatic hydrogens a definite as- 


Ssignment was not made. 


The U.V. spectrum showed intense end absorp- 
tion with rae 2033 A (log G= 3.74) ;~2247 A (log € 
=) 3507) cana: 200 A (log € = 3.77). Addition of base 
gave a marked bathochromic shifts A max AALS) A 
(leg @ = 3.82)"" 2427 A (log € = 3.89) and 2966 B (loge 


fe) 
= 3.79). The bathochromic shift from 2800 - 2966 A 
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(166 A) coupled with intense end absorption maxima 
is characteristic of a monophenol. Compound A gave 
a positive iodoform reaction and coupled with benzene 
diazonium chloride to give an orange red precipitate 
of an azo dye. The N.M.R. spectrum gave a series 
of signals 3 - 3.40 I corresponding to four aromatic 
protons; in addition the (split peak) three proton 
Signal at 8.78 TI corresponded to a secondary 
C-methyl group with an electronegative substituent 
on the adjacent carbon atom. Two, two proton signals 
at 7.37 1 and 8.27 1 were consistent with a -CH,-CH,- 
assignment. Whilst a one proton signal at 6.19 I was 
constant with the structure -CH OH. 

All the spectral data on A are consistent with 
the suggested structure on page 30. Additional evidence 
was forthcoming from the I.R. U.V. and N.M.R. spectra 
of diacetyl A. The I.R. showed no absorption from 
S700) — 3200 oa. indicating the complete esterifica- 
tion of the hydroxyl groups of A. Absorption of 1765 
cm. and 1735 ane were characteristic of acetyl -O- 
aryl and acetyl -O- alkyl groups respectively; in 
addition the aromatic c=c absorption 1600 eine (weak) 
ein) ILS) ILO) aie was still present. The U.V. spectrum 
showed slight differences from A. After the addition of 
base, a rapid scan did not reveal a bathochromic shift. 
However, after standing for a few minutes a shift became 
apparent due to ester hydrolysis. N.M.R. spectra 


confirmed the diacetyl analytical figure; since two new 


ay 


=a3= 

three proton signals at 7.75 T and 7.95 1 were found. 
The absence of the one proton signal at 4.4 I and the 
appearance of a one proton signal at 5.4 1 suggest 
the grouping -CH. OCOCH,.. 

It was now obvious that A had the gross 
structure previously proposed but the final aromatic 
substitution pattern would have to be settled by 
synthesis of the three possible isomers. It was 
however felt that a 1:3 disubstitution was unlikely. 
The 1:2 and 1:4 substituted compound were therefore 
synthesised. A Schmidt-Claisen condensation of 
p-hydroxybenzalde with acetone under basic conditions 
(59) gave 4-(p-hydroxyphenyl) -3-buten-2 one (I). 

This was obtained as pale yellow crystals m.p. 110.5 - 
‘lili e, Zemplen (59) reported 112 - 113°C. and Mannich 
COMM CCMGne TR] Gbcorceionuac alc7on emily 
(-CO-CH=CH-Ar) and U.V. absorption at 3270 R (Hoge = 14526) 
are in agreement with the expected structure (I). 

Catalytic hydrogenation of (I) using palladium/ 
charcoal as catalyst was reported by Zémplen to give 
4-(p-hydroxyphenyl) -butan-2-one (II). Hydrogenation of (I) 
in ethanolic solution with palladium/charcoal as catalyst 
failed to give this selective hydrogenation, but, instead 
gave a mixture of (II) and 4-(p-hydroxyphenyl1) -butan-2-ol 
(III). This was clearly shown by TLC when (II) and (IIT) 
were sharply separated; Re 0.43 and 0.38 respectively. 
Since (aexes) alone was required, the mixture from the 


hydrogenation was treated with sodium borohydride to 


give (III) as the lone reaction product. (III) was found 


- 34 - 
to be identical in all respects to compound A. Like 
compound A the synthetic product (III) was a viscous 
oil, which solidified to a crystalline mass on prolonged 
cooling. The fine needles so obtained had a melting 
point of 67 - 68°C. Previous melting points reported 
are 70 - 71°C. (59), 69 - 70°C. (60), 68 - 70°C (61) and 
31°C. (62). Compound A and (III) had no observable 
optical rotation From 3000 & to, 6000 A. However 


4-(p-methoxypheny1) -butan-2-ol has been resolved by 


i] 
Delepine and Sosa (64) to give the optically active 


14 
436 


(III) and compound A are therefore the dl mixtures. 


isomers: disomer, ca + 36.5, l-isomer, [J] as¢ = 3755s 
It seemed of interest to attempt to selectively 
reduce the carbon-carbon double bond in (I) to prove or 
disprove whether or not Zemp len (59) had in fact obtained 
(II) by hydrogenation of (I). A solution of (I) in 95% 
ethanol was shaken with 2% sodium amalgam when it was 
hoped that either all (II) or possibly only (III) could 
be obtained. After isolation of the reaction product 
it was found that both (II) and (III) were formed. This 
product was then reduced as before with sodium 
borohydride to give (III). The reduction of (I) to (ITI) 
and (III) by this method gave essentially the same product 
as catalytic hydrogenation. The method was therefore 
used in the synthesis of 4-(o-hydroxyphenyl) -butan-2-ol. 
4-(o-hydroxypheny1)3-buten-2-one was reacted in 95% 


ethanol solution with 2% sodium amalgam under the 


conditions previously described. The crude reaction 
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- 35 - 
product was treated with sodium borohydride to give 
4-(o-hydroxyphenyl) -butan-2-o0l (V). This compound was 
not identical to compound A. It did not crystallise 
and the I.R. spectrum was totally different, (from 1500 
cm. — to 600 ere Wie Compound A is therefore 
di- 4-(p-hydroxyphenyl) -butan-2-ol. 


teers oLmnterestvat *thismpoint "to draw. 


attention to some of the anomalous reactions of A already 
mentioned. It gave a positive Mayer's test and 
Dragendorff's reaction presumably due to the phenolic 
hydroxyl group. It reacts with lead tetraacetate, the 
reaction again dependant on the phenolic function. The 
variable results of the Rast determination of molecular 
weight is also consistent with the behaviour of low 
molecular weight phenolic compounds. 

Attention was now focused on the other 
components of the extracts of T. brevifolia. 

Compound D, which was obtained by steam 
distillation of the extract E 3 contained traces of C. 
As previously mentioned alumina (activity V) column 
chromatography caused a large loss of D and was 
accompanied by the formation of A and C. Saponification 
of some starting material eluted from the column gave A 
and benzoic acid. The I.R. spectrum (film) of the crude 
material showed absorption maxima at 1779 emo - and 
1732 me consistent with aryl - O - alkyl and 
aryl - O - aryl esters respectively. Rapid column 
chromatography of the slightly contaminated D gave small 


amounts of TLC pure D. This proved to be identical in all 
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respects with dibenzoyl A. The benzoyalation of A had 
however to be carried out in two stages, first O - aryl 
benzoylation by Schotten-Baumann followed by benzoylation 
by the benzoyl chloride/pyridine method. The end product 
was a colourless viscous oil which slowly decomposed at 
room temperature. The mono benzoyl derivative of A 
(4- (p-benzoyloxyphenyl)}*butan-2-0l1) had an Re similar to C 
and was the only compound in the A group series that 
crystallised. By careful TLC examination of alumina 
column chromatographic fractions, it was possible to 
crystallise compound C using seed crystals (from the 
synthetic product), and show its identity with the 
monobenzoyl A ,(4-(p-benzoyloxyphenyl) -butan-2-o0l). 
Monobenzoyl A (by TLC) was also formed in the alumina 
column hydrolysis of the dibenzoyl A. 

The natural occurrence and isolation of 
benzoate esters of relatively simple phenolic compounds 
is not common and has only previously been reported 
for Storax, Benzoin, Balsam of Peru and Balsam of 
Tolu. The latter are liquid or semisolid exudations 
and are composed chemically of benzoyl, toluyl and 
cinnamyl esters of phenol together with the free acids. 
4-(p-hydroxyphenyl) -butan-2-o0l has not previously been 
isolated in the free state although the 4-(p-hydroxyphenyl) - 
butan-2-O- glucoside has been reported present in 
Betula.alba (62) and Betula platyphylla (61). 

Compound B was the last remaining material to 


be investigated since the yields of B were so small as to 
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preclude any systematic investigation. B was obtained 
in 30 mg. yield from 1.0 Kg of plant material; by the 
steam distillation method. It was also present in 
small amounts as a contaminant to A in alumina colum 
chromatography of the E 3 series of extracts. 

B was a colourless non-crystalline substance. 
I.R. spectrum (nujol mull) showed a bonded hydroxyl 
group 3340 en. and a saturated ester carbonyl 
absorption band at 1730 a. together with an absorption 
band at 710 Sito suggestive of an ortho disubstituted 
aromatic ring. The U.V. spectrum showed Diva at 2033 A, 
2294 A, 2Y SS A and 2809 A. There was no bathochromic 
shift in base, but the 2033 A maximum shifted to 2132 A. 
The lack of a bathochromic shift precludes free phenolic 
hydroxyl group. Permanganate oxidation of A with small 
amounts of B gave small amounts of phthalic acid. This 
established the presence of a 1:2 dicarbon substituted 
benzene ring or a polyaromatic system. The latter is 
considered unlikely due to the I.R. and U.V. spectral 
data. N.M.R. spectrum allowed assignment of the 
following groups. The three proton signals at 9.097, 
8.947, 8.72 Tand 8.637, are assigned to four methyl 
groups, all of them single peaks indicating that the 
methyl groups are attached to carbons carrying no hydrogen. 
A two proton signal at 8.237 (single peak) is assigned to 
a methylene group. Two, three proton signals at 7.967 
and 7.927 are assigned to two acetyl groups. The four 


protons signal at 2.38fis assigned as four aromatic 
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hydrogens. Thus if one assumes a mono aromatic ring 
system is present, the following partial structure for B 


may be proposed. 


(OH) 
NN 
Ae 
— CH 
VE O 


(-O =i Oe CH3) 5 


Confirmation of this structure must however 
wait isolation and purification of further material 
followed by both chemical degradation and synthesis. 

Compound F isolated from T. baccata, by the 
short path distillation of E7 and present as the major 
component was found to be identical to that of A from 
T. brevifolia and was therefore 4-(p-hydroxypheny1) 
butan-2-0l. Compounds G and H were found to be the 
mono and dibenzoyl esters of F by TLC and hence 
idencical to C-and D from TT. orevitolia. Fr ds of 
interest to note that 4-(p-hydroxyphenyl) -butan-2-ol 
is present in very large quantities, which is greater 
than the alkaloidal complex "Taxine" fraction and it 
will always appear in the taxine fraction despite acid/ 
base/neutral separation. It will therefore be a possible 
contaminant of 'taxine’ using the isolation procedures 


of Graf (25-29) and also probably in that of Baxter 
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and coworkers (36, 37). The crude extract (E.7) 
containing F, G, H. from T. baccata would roughly 
correspond to the non-nitrogenous material millossan 
isolated by Amato and Capparelli in 1880 (11) from 
ie OaGCaical. 

The failure to isolate basic material from 
T. brevifolia under conditions which isolate an 
alkaloidal mixture from T. baccata refutes the recent 
claim of Tyler (50) to have isolated "Taxine"” from 
T. brevifolia. Not even traces of basic materials 
showing the characteristic TLC patterns for "Taxine" 
could be detected. Furthermore it is extremely 
doubtful if ‘'taxine' could have survived the rigorous 
isolation and purification techniques of Tyler. 

The present investigation does agree with 
Jones and Lynn (48) on the absence of alkaloids but 
volatile oil has been shown to be present. T. brevifolia 
extracts by paper chromatography do not show any of the 
sciadopitysin group of biflavanoidal pigments found in 
T. baccata. However preliminary examinations of the 
n-butanol extracts of the deep yellow aqeuous liquor 
left after extraction of the compounds described 
previously do show the presence of glucosides which have 


at least in part properties similar to the saponins. 
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CONCLUS ION 

After a detailed investigation to establish 
the optimum conditions of extraction of the leaves 
and twigs of T. brevifolia, the soxhlet extraction 
using methanol was found to be the most efficient 
method. The most efficient preliminary separation of 
the components of the extract was effected using steam 
distillation. The final separation and purification 
was made possible by adsorption column chromatography 
and Thin Layer Chromatography. Through the application 
of these techniques three new compounds were isolated 
and their structures established by physical and 
chemical methods and finally confirmed by synthesis. 
These compounds were: 
(1) 4-(p-hydroxypheny1) -butan-2-o0l1 
(2) 4-(p-benzoyloxypheny1) -butan-2-o01 
(3) 4-(p-benzoyloxypheny1) -2-benzoyloxybutane 

A fourth compound was also isolated in small 
amounts in a pure state. A partial structure for this 
compound based on both physical and chemical evidence 
is as follows: 
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StL IS 
Traces of a volatile oil(s) were also 
isolated, but not in sufficient quantities to permit 
a systematic chemical examination. 
Alkaloids were not found in any specimen 
of T. brevifolia, although these were collected at 
different seasons and from different trees and 
localities. By contrast alkaloids were readily 
obtained from T. baccata using identical extraction 
procedures. In a preliminary study of T. baccata the 
non-alkaloidal constituents, 4-(p-hydroxypheny1) -butan-2- 
-ol and its mono and di-benzoyl esters were isolated 
for the first time. 
The TLC pattern of the alkaloidal fraction 
('Taxine') showed the presence of at least three major 


components. 
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(i) GENERAL PROCEDURE 


(a) Spectral data: The I.R. and tU.V. spectra were re- 
corded on Perkin Elmer D.B. 21 and Unicam S.P. 700 spectro- 
photometers respectively. The chloroform used for the 
spectral work was ethanol free;A.C.S. grade. Chloroform was 
chromatographed on silica gel column; the initial eluates 
were rejected and the following ewa=2 used immediately (56). 
The ethanol used for the U.V. spectra was prepared as fol- 
lows; I 1. of 95% ethanol was refluxed with 1.0 g of 
sodium borohydride for two hours and then slowly distilled; 
the first 50 ml. of the distillate was discarded and the 
distillation continued until 700 ml had distilled. This 
fraction gave ethanol (95%) , free from acetic acid and car- 
bonyl impurities (56) . N.M.R. spectra were obtained using 


Varian Associates A.60 and H.R. 100 spectrometers. 


(b) Thin Layer Chromatography: Glass plates 20 cm x 20 cm 


and 10 cm x 8 cm were used. The plates were coated with 

the adsorbent by means of a Desaga Sir adjustable applica- 
tor to give a uniform 0.25 mm layer. The adsorbents used 
were Silica gel G and Kieselguhr G. supplied by Merek and 


company. 


The majority of materials in this investigation 
were non-fluorescent on U.V. irradiation and the position 
of the separated components was shown by a 1% ceric sulphate 


in 10% sulphuric acid spray reagent (51). At room temperature 
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this spray reagent gave with some components, coloured spots. 
When the sprayed plate was heated to 100-110°C for three 
to five minutes all components gave deep brown to black 
spots on a white background. To locate the position of 
the separated materials on the thicker (1-2 mm) prepara- 
tive plates a water spray was used (52) which gave white 
opaque bands on a translucent background. After marking 
their positions on the plate, the plate was dried and the 
bands were removed using a modified micro-vacuum cleaner 
technique (51, 53). Unless specifically stated the stan- 
dard solvent system was n-hexane/chloroform/methanol 


(40:20:11). The reported R, values are,for this solvent 


6 
system with a solvent run of 8 to 9 cm, at 18-23°C, under 


the supersaturated chamber conditions (55). 


(c) Adsorption chromatography: 


Neutral alumina used, was supplied by M. Woelm 
Eschwege and was adjusted when necessary to a given Brock- 
mann activity (54). The silica gel for adsorption chroma- 
tography was supplied by British Drug Houses,Ltd., Poole, 
England. The weight of the column material used was usually 
thirty-five times the weight of the sample to be chroma- 


tographed. 


The solvent used in column chromatography were 
A.C.S. grade; the chloroform used was ethanol free and 
anhydrous. This was prepared as required: To A.C.S. grade 


chloroform was added A.R. fused calcium chloride. After 


‘ 


oF: oe a 
.etoge beuolos. etesnogmos gmoe are SVBP © savpsos “es 
setts 10% D°OLL-OOL oF Besasd esw: etelq be rf sa J 
aosld_ ot crworud q99b _evep ad asnogmoD Lbs. 207 sek 
to -neistieoq: ad essool of - Savompsiond . mtr 6 no zeae a . 
~stsqszq (mn S=£)-seNxoids say. 110 Saco big 


stidw evap doitw. (S@). bean ssw yetge | setow scasdets. avis 
0 
pabstusm: “esdtA Jbnvompiosd tadoulensxt 6 M0; anne spe u 


sit Sis betab asw stehe. ‘edt \st6igq off at0 BLU 


- a cy : > 
Wy 4 


~ensel> muussv-o1xbim Keb ebbom s Piiexw. pevome: pats aiken 


-aste. ort bestete Yilsoitiosge easiau AGB £8) eupéaross 


lonsdtem\mxotoxoldo\ensxed=n - eaw msdaye. “snevl< a! 


tisviee aid - wot e16. soufey Al ‘besrogex snr ~#(£E208 08), 
(tebau ,SSES=81 4s. yar 0) og & to aux tnsvioa o dtiw motaya 


» (20), anoPtibsos isdinoio bedsumbsereque: sit 


misow .M yd betiqgue -esw «bear soimils i Le 


ee 


“#078 mevip slog Yxs6egeosn nonwi botautbs a6w' Das spawitons 


“amos noitqxeebs 16> Lep-soitix oar = (BE) Waivisos nm 
food ,.b40 aeevol euzd dekdtud yd. bn ie: kane 


vyilsveu esw bean [sivetsm rmuboo eft Ro. thphew: 


“emoxid> ed 'ot efomse add Ro IipLew add a 


etew ydaerpossmoulo amulon ak 
bos e923 Loasiite esw heap 4 

ebaip .2.9.A of tbexiupes me iN 
w9t2A  .ebbxefito mutoteo' Beal 
o3 


= Ae 


twenty-four hours the chloroform was filtered from the 


solid material and used as required. 


(d) Paper chromatography: 


The ascending paper chromatographic technique 


was used with Whatman No. 1 paper for chromatography. 


(e) Plant material: 


The leaves and small twigs of T. brevifolia 
Nutt, were collected in British Columbia, Canada, whilst 
T. baccata was obtained from Kashmir, India. The plant 
materials were obtained through the courtesy of Mr. Bev. 
Wendell, British Columbia and Mr. H. Handa of the Central 


Drug Research Institute, India. 
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(a) EXTRACTION AND SEPARATION OF THE 


COMPONENTS OF T. brevi ig AND T. 
(A) Extraction 

Three general extraction procedures were used. 
They were: 
(a) Cold percolation with 5% acetic acid in methanol. 
(b) Cold percolation with 2% aqueous sulphuric acid. 


(c) Soxhlet extraction using methanol. 


Extraction of T. brevifolia by method (a):- 

5.0 Kg of the powdered leaves and twigs were first 
percolated with n-heptane to exhaustion. The plant material 
was removed from the percolator and the excess heptane was 
allowed to evaporate. Percolation was then continued with 5% 
acetic acid in methanol until a portion of the percolate failed 


to give a residue on evaporation. 


\ 


The heptane (15 1) and the Be nane eaeeee acid 
(20 1) percolates were separately evaporated "in vacuo" to 
a smaller volume (1 1). The deep green concentrated methanol/ 
acetic acid extract was poured with stirring into 5 1 of cold 
water. The initial turbidficsculent liquor so obtained separ- 
ated into a green precipitate and a golden brown supernatant 
liquor, after standing at O°C for ne. (pe! hours. The super- 
natant liquor was filtered through a Kieselguhr bed. The 
filtrate was basified with ammonia solution to pH 9-10. This 
solution was extracted with diethyl ether, until no further 
material was extracted with the solvent. The ether extract 


was washed with water and dried over anhydrous sodium 
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sulphate before evaporation under reduced pressure to a 
small volume (11). This was then extracted with cold, 
(4°c.), 1% sulphuric acid followed by 5% aqueous 
sulphuric acid. The acid extracts were made basic with 
ammonia to pH 9-10 and extracted with ether. The ether 
extracts were washed with water, dried and evaporated 
under reduced pressure to obtain 8.0 g of a yellow 
semisolid substance. This extract is numbered E.1. 
Extraction of T. brevifolia by method (b):- 

150 g of the finely powdered plant material 
were first percolated with n-heptane. After removing 
the heptane from the plant material, the percolation 
was continued with 2% aqueous sulphuric acid at a°c. 
The percolate (800 ml) was basified with ammonia to 
pH 9-10 and exhaustively extracted with ether. The 
ether extracts were combined and washed with water. 
After drying, it was evaporated under reduced pressure 
to give 0.35 g of a yellow semisolid. Extract E.2. 
Extraction of T. brevifolia by method (c):- 

1.0 Kg of finely powdered plant material was 
first extracted with n-heptane in a soxhlet extraction 
apparatus, followed by methanol (A.C.S. grade). The 
heptane extract (12 1) and the methanol extract (12 1) 
were separately evaporated under reduced pressure to a 
smaller volume (1.25 1). The concentrated methanol 
extract was poured into five times its volume of cold 
1% aqueous sulphuric acid and the resultant liquor 
was left overnight at One. The dull green precipitate 


which separated was filtered off. The clear 
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filtrate was left for a further period of twelve hours at 
o°c and again filtered free from a flocculent green precipi- 
tate. The clear filtrate was extracted with ether until 
a portion of the ether extract gave no residue on evapora- 
tion. The ether extract was washed with water and dried over 
anhydrous sodium sulphate. This gave, when evaporated under 
vacuum, at less than 30°C, a dark yellow viscous oil (18.0 g). 


This extract was extract E.3. 


The aqueous liquor left after the ether extraction 
was made basic with ammonia (pH. 9-10) and further extracted 
with ether. This ether extract processed as above gave 


0.55 g of a pale yellow semisolid. Extract E.4. 


Small scale extractions (100. g) by method (c) 
of plant material collected in different localities at three 
different seasons, spring, summer, and fall, were made. These 
extracts are numbered E.3.a, E.4.a, E.3.b, E.4.b, E.3.c, 
and.E.4.c. No significant differences in these extracts 


could be detected. 


Extraction of T. baccata by method (a):- 

5.0 Kg of the powdered leaves and twigs were perco- 
lated with " -heptane until the percolate was colourless. The 
plant material was then freed from heptane and the percolation 
was continued with 5% acetic acid in methanol until a residue 
obtained from a sample of the percolate by evaporation gave a 


negative test with Mayer's reagent. 


The heptane extract (15 1) and the methanol/acetic 


acid extract (20 1) were separately evaporated ‘in vacuo ' to 
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a smaller volume (1.11). The concentrated methanol/acetic 
acid extract was poured into 5.0 1 of cold water and left 
shes OhIel overnight. It was then filtered free from the ees 
precipitate using a bed of Kieselgulir. The clear yellow 
filtrate was made basic with ammonia to pH 9-10 and extrac- 
ted with ether. The ether extract (10 1) after a water 
wash was evaporated to a smaller volume (11). This was 
extracted with 1% aqueous sulphuric acid until the extract 
gave a negative Mayer's test. The acid extracts were com- 
bined and ammonia added, to give a pH 9-10, and then extrac- 
ted with ether. The ether extract after a water wash was 
dried over anhydrous sodium sulphate and evaporated under 
reduced pressure when 5.8 g of yellow semisolid material was 
obtained. This would correspond to the "taxine” alkaloidal 


complex. Extract E.5. 


Extraction of T. baccata by method (b) s- 

500.g of the finely powdered leaves and twigs were 
percolated with 2% aqueous sulphuric acid until the percolate 
gave negative alkaloidal (Mayer's) test. The percolate (1.5 1) 
was brought to pH 9-10, with ammonia and was exhaustively 
extracted with ether. The combined ether extract was washed 
with water, dried over anhydrous sodium sulphate; then evap- 
orated under reduced pressure to give 0.9 g of viscous 


yellow oil. Extract E.6. 


Extraction of T. baccatta by method (c):- 
1.1 Kg of the powdered leaves and twigs were extracted 
with n-heptane until the extract was colourless. The heptane 


extracted plant material was freed from heptane and the 
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extraction continued with methanol (A.C.S. grade) to 


exhaustion. 


The heptane (12 1) and the methanol (12 1) ex- 
tracts were separately concentrated under reduced pressure 
to a smaller volume (1 1). The deep green methanol 
extract (1. 1) was poured into five times its volume of 
volume of cold 2% aqueous sulphuric acid and left overnight 
at O°C. The deep green precipitate which collected at 
the bottom of the flask was filtered off and the golden yellow 
filtrate was extracted with ether to exhaustion. The ether 
extract was washed with water, Gedes over anhydrous sodium 
sulphate and evaporated under reduced pressure t0 give a 


thick viscous vetlow Jiguid (15.0 g).. Extract... 7. 


The aqueous liquor remaining after the ether 
extraction was made basic with ammonia to pH 9-10, and again 
extracted with ether until a portion of the ether extract 
gave no residue on evaporation. The extract was then washed 
with water, dried over anhydrous sodium sulphate and evapor- 
ated under reduced pressure to give 5.4 g of a yellow semi- 
solid. Extract E.8. This extract gave positive Mayer's 


test and corresponds to "taxine". 


(B) Evaluation of the extracts obtained from the various 
extraction procedures: - 
At the start of the investigation the use of 
ascending paper chromatography using different solvent sys- 


tems and spray reagents was attempted for the control and 
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qualitative identification of the individual components of 
the extract. 


~~ 


The following spray reagents were used with a 
test spot from the basic material (E.8) extracted from 


T. baccata. 


Spray reagents Colour reactions 


Pale spot on a deep blue 
1. 1% Aqueous potassium ferri- background. 
cyanide solution, the paper 
dried, then sprayed with 1%, 
aqueous ferric chloride. 
2. 1% Aqueous phosphomo- No significant colour change 
lybdic acid solution. 


3. 1% Aqueous potassium per- Pale spot on a brown back- 
manganate solution. ground after drying. 
4. Lepage's reagent. Canary coloured gpot on pale 


yellow background. 


5. Dragendorti*te reagent Pale orange stain almost 

(modified) (57). indistinguishable from the 
background. 

6. 1% Aqueous solution of Pale yellow spot on white 

iodine. background (after prolonged 


standing). 


Reagents (1) am (3) were most successful and 
sensitive and were therefore used to evaluate the efficiency 


of the solvent mixtures in separating the test material. 


Two general solvent systems were tried, after paper 
chromatography with simple solvent/water systems failed 


to give satisfactory separation. 
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1. Butanol/glacial acetic acid/water (4:1:5) 


2. Butanol/formic acid/water (1:2:15) 
3. Iso amyl alcohol/glacial acetic acid/n_ heptane/ 


water (3:3:1:2). 


Whilst all the above solvent systems gave a 
reasonably compact spot Rr 0.8 - 0.85, no separation of 
the individual components was found. In spite of prolonged 
experimentation in varying both paper and solvent systems 
no separation of the individual components could be achieved. 
Identification of the components in the eluate fractions 
from the column chromatography of extract (E.3) had therefore 
to be accomplished by physical data. Only after it was 
found that this approach was less than ideal that a then 
little used technique, Thin Layer Chromatography was consid- 
ered. Before this time little, if any information was 
readily available concerning its capabilities and of the 


experimental conditions required for its use. 


Thin Layer Chromatography: - 


Glass plates 10 cm x 8 cm coated with a 0.25 mm 

layer of silica gel G. were spotted with the extracts from 

T. brevifolia and T. baccata and also the eluates from the adsorp- 
tion column chromatography of the extract E 3(T. brevifolia). 
The prepared plates were developed under the supersaturated 
chamber technique of Stahl (55) with a solvent run of 8 - 9 

cm. The plates were then removed from the chamber am al- 

lowed to dry at room temperature; fresh solvent was used for 


each run. 
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The following solvent combinations were tried. 
1. Chloroform/n_-hexane/diethylamine (10: 20:3) 
2. Chloroform/n_ -hexane/diethylamine (5:4: 3) 
3. Chloroform/n_-hexane/methanol (5:10:3) 
4. Chloroform/n -hexane/methanol (2:4:1) 
5. Chloroform/n -hexane/methanol/diethylamine 
(LOS AOS SSA 4S) 


6. Chloroform/n_ -hexane/methanol (20:40:11) 


Although solvent systems 1 - 4 gave a clear 
separation Of some of the components of the total extract 
5 and 6 proved to give a better overall separation. Sol- 
vent system 5 was initially used due to a somewhat sharper 
separation but was found later, to have disadvantages for 
use in preparative TLC (due to the diethylamine). No. 6 was 
thereafter used as the standard solvent and all the TLC 
results are reported, unless otherwise stated for this sol- 
vent. The Re values of a given component in 5 and 6 did not 


show any significant differences. 


Extracts obtained from T. brevifolia E.1, E.2, 
and E.3 gave identical chromatograms; whereas Eq, showed the 
absence of at least one component. The major component ap- 
peared as a violet spot on the chromatograms, when sprayed 
with the ceric sulphate/sulphuric acid reagent, at room 
temperature, whereas the other components appeared as dark 
spots when the chromatographic plate was heated to 100-110°C 
for five minutes. The different extracts, the components 
present in them and their Re values are listed below. For the 
convenience of discussion the components are for the present 


referred to as compound A, B, C, D, E etc. Components with 
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Sisk 
Re values less than 0.38 did not give satisfactory separa- 
tion except at low concentrations. These constituents 


were not further investigated. 


The various extracts from T. brevifolia, the components 


and their Re values. 


Extract Components Re Comments 


SS ee eee 


A 0.38 Major component 
B 0.41 Minor component 
Byer Cc 0.58 Minor component 
D 0.66 Minor component 
E 0.96 Only in very small amounts. 


Bere AV B,C, Dp. same A is the major component. The 
as gi- other components are present 
ven a- in the same extent as E.l. 


bove 
fOr 
1s Ie 

Ee3 BS Cig Dy Bis Same A is the major component. The 
as gi- other components are present 
ven in the same extent in E.1 and 
nE(eye Ewes 
Fire: 

E.4 AWB. CAD, Re A is the major component. All 
values others are present in small 
are amounts. 
same 
as for 
E.1 


E.1, E.2 and E.3 contained three components with R¢ values 
less than 0.38. Those components had Re values O25, OZ 
and 0.15. All the E.3 series had similar if not identical 
chromatograms as had all the E.4 series. The components 
with R¢ less than 0.38 were present only in very small 


amounts in the E.4 series. 
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TLG o£ the Extracts E3, E4, E7, ES. 
the different fractions of the 
steam distillation products of E3 
and the synthetic derivatives of 


Compound A. 


| SOLVENT FRONT 


ALG Hob qerae\(ohe 15S} 
2e ab xcracte E4 
Sa Op ehere ene el 7/ 
4. Extract E8 
5. Steam Distillate extracted with ether 
6. Supernatant liqucr left in the steam 
Gistillation flask 
7. Cold benzene extract of the resinous 
residue left in the steam distillation flask 
8. Hot benzene extract of the resinous 
residue left in the steam distillation flask 
9. Monobenzoyl derivative of A 
Dibenzoyl derivative of A 
Diacetyl derivative of A 
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TLC examination of the extracts from T. baccata 


Extracts E.5, E.6, E.7, and E.8 were examined 
by TLC in the same manner as above. The results of the 


chromatogram are summarised in the following table. 


Extract Components Re Comments 
F Oe Sts) Major component 
G Of SS Minor component 
aS H 0.66 Minor component 
it OF 8 Pink-when sprayed with the 
spray reagent at room temp. 
J 0.88 Yellow-when sprayed with the 
spray reagent at room temp. 
K Omo2 Orange-red -when sprayed with 


the spray reagent at room temp. 


E. 6 BY, GE hp, same Same as in E.5. 
Ke as in 
he 5 
i ay EWG, Hy Lo, Same Same as in E.5 
Ke as in I,J, and K present in traces. 
lh 5) 
16 8} ip (Gelaie It bas, same The relative concentration 
K. as in of I,J,K, is much higher 
1S) (elgvelialy Glial, $45 7/5 


Thus all the extracts from T. baccata had components 


F, G, H whose R.~ corresponded to the three components A, C, 


£ 
and D, found in T. brevifolia. The three components I, J, 
and K which were present only in trace amounts in extract 
E.7, were however, present in relatively larger quantities 
in E.8; these may represent at least in part the individual 


components of the "Taxine” alkaloidal complex. In addition 


there was a complicated series of spots, whose Re were below 
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0.38, which could only be resolved into three components 


when in low concentration. Experimentally one would ex- 
pect polyhydroxy compounds, under the conditions used, 
to have low Re values. These components may then represent 


the deaminated and deacetylated Taxus alkaloids. 


(Cc) Practionation of extract E.3 of T. brevifolia:- 
(a) Acia base, neutral separation: - 
The extract E.3 gave positive Mayer's test. Since 
it was possible that very weak bases might have been extrac- 
ted with the acidic and neutral fractions an acid/base/ 


neutral separation was carried out. 


1.0 g of extract E.3 was dissolved in the mini- 
mum volume of ether and the separation was carried out ac- 
cording to the following scheme. The separated fractions 


were then examined by TLC. 


ee oe eae een 


a1) 


Ether solution of the extract 


Mother Liquor 


Sulphuric 
acid ext- 
ract made 
basic, with 
sodium car- 
bonate and 
extracted with 
ether. Ether 
extract dried 
and evaporated 
to remove 
solvent. 

(15 mg) 

IEIL 


extracted with 
1% (Yr) sul- 
phuric acid. 


i 


Ether layer 
washed, dried 
and solvent 
removed 


(96 mg) 
I 


Extracted with 3N sodium 
carbonate solution 


Sodium carbonate 
extract 


Ether ext- 
ract washed 
with water, 
dried and 
ether re- 
moved 

(150 mg) 

ALI GAL 


| 


made acidic 
with sulphur- 
ic acid to 
form a yellow 
solution ex- 
tracted with 
ether. 


Aqueous acid 
layer extrac- 
ted with but- 
anol, dried 
and solvent 
removed. 
(118 mg) 
IV 
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TLC of different isolated fractions: - 


Fraction Components 
Number 
Ir A 
B 
(C 
D 


Some com- 
pounds with 


Bue < 0.38 


LE A,C,D. 


mT APBice 


IV A,C,D ana 
compounds 
with Rf 
lower than 
0.38 


Re 


Comments 


A present in large quant- 
ities and others in small 
amounts 


A present in large quant- 
ities,others in small 
amounts 


A present in large quant- 
ities, others in small 
amounts. 


A present in large quant- 
ities, others in smaller 
amounts. 


In addition the I.R. spectra of the different fractions did 


not show any significant differences. 


(bjs Short pathsdastililations— 


1.8 g of the extract E 3 was subjected to a short 


path vacuum distillation/sublimation. 


After heating at 40°C 


for two hours two distinct zones were present on the cooled 


portions of the tube used for the distillation. The zone, 


further away from the heating block consisted of a white 


Sein duane eae 


-insvp spusl di dndeeng A A | 
i ASPET MEL 
{ema mi ‘exedto oot Ft beg “ 
44 Bf ll @2S3h7O ,e8n 74 Of Be 


BION E I 


et rset 


de ena restora retrain iim ancl aes 
: 


NSD spre t oneesre | 
= | | ii SP ve FC soak ch! A 34 om S.A 
lisme nr setsadsgo earte ai @s 
eo trigoms t 


Jisup spre! oL tneeexq A ae | 

asm T - - ~ “ere 3 * ie -! a 

telfeme oi exetito ,eskes . tht “Ss 
~etapoms | I 


nn 


Hib aeneisosst tasisttip ead to adc At etd 003 bbs al 
.29onoxecht sometamgte Xa ow vorla tor 


.  0°0@ 46 pnistsond. 189 %h 


. Saloon sft ao toeasig otew 


a 
»,9008 OAT .nolrel Liss op 


te 
. 7S 
, oe — 
olitw ee Xo boteiunoo Agokd 
re 


=. os | - r aya p 


7 
— 


crystalline compound and the other zone was present as 
a colourless viscous oil. Both zones were separated by 
cutting the tube. The residual non-distilled material 


was also recovered. 


The white crystalline substance (25 mg) had a 
m.ep. 120.5-121°C and gave a positive acid test with sat- 
urated sodium bicarbonate solution. The U.V. and I.R. 
spectra were identical in all respects with that of benzoic 
acid. A mixed melting point with benzoic acid showed no 


depression. 


Analysis; Found C = 68.9%, H = 4.88 %; 


calculated for C7H.O9; Gea (eysha ists S65) gl Se 4 SB) SOs, 


The viscous liquid was examined by TLC and found 
to be identical with the major component A, (Re (0) Eits3)) 
with very small traces of compound D. Attempts to crystal- 
lise the oil from organic solvents failed. This oil on 
standing at o°c for several weeks or when cooled to - 70°, 
in a dry ice/acetone bath, solidified as a crystalline 


mass m.p. 65° - 68°C. 


The residue from the distillation was recovered 
and TLC indicated that it contained further amounts of com- 
pound A, (Rp 0.38) and components not seen in the sample 


before distillation. 
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(c) Separation by adsorption column chromatography: - 
Column I:-972¢0)9,of) the, extractyE) 3° ErompT...brevitolia 
was chromatographed on a 70 g, alumina, activity V column. 
Since E 3 was not completely soluble in benzene or heptane, 
the extract was dissolved in chloroform/benzene (1:4) and 
was then placed on the column. The column eluates were 
collected in 15 ml fractions. The elution pattern was 
followed by the weight/fraction and TLC techniques. 


Column I. 


Frac- Weight of 


Solvent tion fractions PEC 
Numbers (mg) 

Chloroform/benzene (1:4) (1-18) 63 E,D;C. 

Chloroform/benzene (1:1) (19-70) 98.9 A,B. 

Chloroform/benzene (3:1) (71-83) 53.6 A,B, Compounds 
of lower Ree 

Chloroform (84-97) 79.5 A,B, Compounds 
of lower Re. 

Methanol/chloroform 

(0.5:99.5) (98-109) 56.6 A,B, Compounds 


of lower Rr. 

Methanol/chloroform (2:98) (110-135) 258.8 A,B, Compounds 
of lower Rr. 
Methanol/chloroform (5:95) (136-145) 23 A, Compounds 
of lower ae 
Ss 


Methanol/chloroform (146-155) 15.4 A, Compoun 
(10:90) of lower R_. 
Methanol (156-160) 10 A, Compounds 
of lower Ree 


Fractions (19-70) after removing the solvent gave a 
colourless viscous liquid. This viscous liquid after 
standing at o°c. for several weeks or when cooled in a 
dry ice/acetone bath solidified to a crystalline mass. 
But attempts to crystallise it from solvents failed. 


TLC showed it to be compound A with traces of compound B. 
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Column If 

/2Oeg sO: the extract E 3 Erom TD. brevatolaa 
were chromatographed on 245 g of a column made from 
alumina (activity V). The eluate was collected in 15 ml 
fractions. In this case E 3 was poured on to the top of 
the column and not in solution of any solvent. The 
column was eluted with solvents of increasing polarity 
as before. The elution pattern was followed as for 
column I, but only alternate fractions were examined by 
TLC. Fractions were combined on the basis of TLC 


patterns. 
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Frac- Weight of 


Solvent tion fractions TEC 
Numbers (mg) 
Benzene (1-42) PIP AIS 1 De 
Chloroform/benzene (1:1) (43-58) 30.4 E, with more D. 
Chloroform/benzene (1:1) (59-89) 222 CADE. 
Chloroform/benzene (1:1) (90-99) 31 APEC Dy 


A in small amount 


Chloroform/benzene (4:1) (100-120) 606.6 j\ SBA CRIDE 
A predominating 


Chloroform/benzene (4:1) (121-140) 150.1 A,B. 
B in traces. 


Chloroform (141-152) 1275.6 A,B, 
B in traces. 


Stripped the column (153) 2870 AB 
with chloroform/ B in traces. 
methanol (98.5:1.5) 


Stripped the column (154) 560 A,B compounds 
with methanol with R- lower 
helgyelial Ol CKS\q 


Just as in column I fractions (131-153) were 
combined and when evaporated gave a pale coloured 
viscous liquid. This corresponds to fractions (19-70) 
of Column I. It did not crystallise from solvents, 


; oO hae 
but on standing at O C. for several weeks solidified. 
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(ad) Steam distillation of E.3:- 


7.5 g of E.3 from T. brevifolia were steam dis- 
tilled. The distillate and the residue left in the flask 
were further processed as follows. 

Distillate: 

The steam distillate (1.0 1) was extracted 
exhaustively with ether. The ether extract was washed 
with water and then dried over anhydrous sodium sulphate. 
The dried ether extract (400 ml) was distilled in batches 
of 50 ml through a Fenske ring fractionating column. The 
material distilled at 35°C was found to be completely 
diethyl ether. When ail the ether was distilled the 
distillation was stopped. The residue left in the dis- 
tilling flask (10 mg) was a yellow volatile liquid having a 
peculiar odour. TLC showed this to be compound E with 
traces of A. Compound E was previously shown by TLC, to 
be present in trace amounts, in the extract E.3. 

Residue: 

The residue after steam distillation was composed 
of a yellow supernatent liquor over a brown resinous mass. 
The yellow liquor was decanted and extracted with ether un- 
til the ether extract was colourless. The ether extract 
was washed with water, dried and the ether removed under 
reduced pressure to give 3.5 g of a viscous oil. MTLC of 
this oil showed that it was mostly of compound A along with 


compounds of lower Re 0.25, 0.2 and 0.15. 
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The brown resinous mass was dissolved in chloro- 
form, This solution was dried and the chloroform removed 
under reduced pressure. The resultant viscous mass was 
first extracted with cold and then with hot benzene. 
Removal of the benzene under reduced pressure gave 1.3 
and 0.20 g of residue respectively. These fractions are 
called benzene extract (1) and (2) respectively and nei- 


ther benzene extract (1)nor (2) crystallised. 


TLC of the different fractions obtained by steam 
distillation procedure 


Fractions Components Re Comments 
Fraction iso- E 0.96 3 
lated from the A (OER: 
distillate. 
Fractions recov- A Ons Primarily of A 
ered from the Compound 
supernatent of lower 
liquor. Re 
Benzene A 0.38 
extract I. 
B 0.41 D in trace amounts 
(@ 0.56 B and C enriched than 
D 0.66 in Extract E.3. 
Benzene Cc 0.58 C present only in very 
extract 2. D 0.66 small traces 
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Column chromatographic separation of the components in 


benzene extract I. 
Column III. 

Benzene extract I. was chromatographed on a 
column composed of alumina, (45.5 g), activity V . 10 ml. 
eluate fractions were collected and the progress of separ- 
ation followed as in the previous eolunmne: 


Column III 


Fraction Weight 


Solvent Number in mg. TLC 

Benzene > (1-12) ZS B,C, and A in traces 

Benzene (13=26) 180.9 Be and B in traces 

Benzene/chloroform (27-32) 32.8. A,B, B in traces. 
(Asa) j 

Chloroform (23=34)i5 2420 A, B in traces. 
(AcS) 


Fractions (i= ii2) were combined and were then rechromato- 
graphed on a 7.4 g alumina, activity V, column. 5 ml.eluate 


fractions were collected. 
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Column Iv 

Fraction Weight 
Solvent Number in mg AM BCS 
Benzene (1-3) Shes} Cy awibedDwshaces 
Benzene (4) 66.8 Byer ntraGes 
Benzene (5-8) 250 Abner 
Chloroform (9-10) Bails 's} A; BHCy 


Fractions (1-3) of column IV consisted mostly of compound 
C with traces of compound B. Eluate fraction 4 consisted 
mainly of B with some C. The other fractions were composed 


OEE Ab, ) anaac. 


Eluate fraction 4 of Column IV was rechromatographed 
on a silica gel, (2a g), column. 5 ml eluate fractions were 
collected. The progress of separation on the column was 


followed as before. 


— re mem a gens reg ell yy 


ee is a.es: | is (g~2a) 
i Seth —— (OS-@). | 


oh amie Rt sates mrp 
Secale 


pruogmoD to yisgaom betedemes a muloo to (6-2) en 
Detetenoo' >) nottoss12 ede ips +a Hbawogmon to nail lod Es 


. 


bp aan ot > Se = LW enobines3 Larisa edt sD amor adiw 4. Io sh xi 


+ 
é 
i 
t 
< 
J 
— 
Lond 
- 
Bs 
i 
Jb 
i 
& 
be 
us 
z 
— 


\ 


.D tas 4 “ly : 


“a 


bedqsxpotsmaidost aswVL amyfed Ye ny nolsoee8 stants —— 
Stew enecitssti sJ60lea im 2 - war los N lcm b, s) top wodiienw : 10 
esnw omlos edt no nehisiasgqes Bo eeemgoxg oft : .besoe tkoo 


‘wr0ked as bewo L 4 
; — 
0 ‘nal boot 

: vé Quine 

- : 7 7 ai 


- 66 - 


Column V 

Fraction ~ Weight 
Solvent Number in mg TLC 
Benzene I Aes 15) | B 
Benzene 2 LORS B 
Benzene 3 3 B 
Chloroform/ 4 30 BiiGe 


Benzene (1:1) 


Chiorform 5 10 B,C. 


Fractions (1-3) of column Vv were TLC pure compound Bis 


Purification of benzene extract 2. 
0.15 g of benzene extract 2 was chromatographed 
on a column composed of 90.515 g of alumina (activity We 


5 ml eluate fractions were collected. 
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Column VI 

Fraction Weight 
Solvent Number in mg. TLC 
Benzene 1k 5 D 
Benzene 2 4 DD, CA: 
Benzene 3 10 ID) pl Copy / As 
Benzene/ 4 7S DYCTAS 


Chloroform (4:1) 


Stripped the col- 
umn with chloro- 5 120 DC, A 
form (ACS grade) 


As the progress of separation on Column VI was followed by 
TLC it became apparent that compound D was undergoing chem- 


ical change. Further chemical work on D is reported in part 


oa 


i ;eSecGtion (ais). 


(e) Short path distillation of extract E.7 (T._baccata) 


1.0 g of the extract was distilled in the same 
Manner as with extract E.3. This also resulted in two Zones, 
the components of which were benzoic acid (10 mg) and a 


colourless viscous oil (40 mg) . 


TLC of the viscous oil showed that it contains 
mainly compound F. whose Rr (0.38) was identical to that of 


A from T. brevifolia, and Compound H, whose R¢ (0.66) 
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corresponding to compound D from T. brevifolia. The oil 


was therefore chromatographed on an alumina column, (1.2 g). 


Column VIL 

% Fraction Weight 

Solvent Number in mg. TLC 

Benzene al 2 H 

Benzene 2 se5} F and H in traces 
Benzene 3} 4 F 

Benzene/chloro= 

EOEMs lus) 5 10 F 


Column flushed 
with chloroform 6 10 F 
(A.C.S. grade) 


Fractions (3-6) were combined and the solvent removed under 
reduced pressure to obtain a colourless viscous liquid. The 
I.R. spectrum, U.V. spectrum and N.M.R. spectrum of this sub- 
stance was identical to that of compound A obtained from 


T. brevifolia. 
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(ria) CHEMICAL EXAMINATION OF THE 
ISOLATED COMPOUNDS 
Compound A:- 
Preparation of an analytical sample:- 


Pure A was obtained by preparative TLC from 
elute fractions (19-70) of Column I. These combined frac- 
tions contained A as the major component, but had traces 
of B present. The preparative plates 20 cm x 20 cm were 
coated with 1 mm. layer of silica gel G. A methanol sol- 
ution of eluate fractions (60 mg) was apolied as a straight 
band across the plate 1 cm from the bottom of the plate. 
The plates were developed under the supersaturated chamber 
condition, using the solvent system n-hexane/chloroform/ 
methanol/diethylamine (20:10:3:2:3); for a solvent run of 
16 cm. After development, which took approximately 100 
minutes, the plates were removed and the excess solvent on 
them allowed to evaporate at room temperature. The plates 
were then sprayed with distilled water; irradiated with 
U.V. light, when two bright violet white zones were visi- 
ble on a pearly translucent background. The zones were 
marked and the plates allowed to dry. When dry, the 
marked zones were removed by the "micro-vacuum cleaner" 
technique. Elution of the so recovered silica gel with 
methanol followed by evaporation under reduced pressure 
gave from the broad band 55 mg. of TLC pure A. The other 
minor band was not eluted at this time. The A so obtained 
did not crystallise from organic solvents, but remained 


as a viscous liquid. The viscous liguid was dried 
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‘in vacuo' for twenty-four hours. This then gave the 
following analytical values. 
Found: C = 66.3%, H = 7.67%, N = 2.09%, calculated 
for C37H51NOj9; C = 66.37%, H = 7.67% and N = 2.09%. 

25 mg. of compound A with traces of B obtained 
from eluate fractions (19-70) from the alumina column I 
was processed by the preparation TLC method as above 
but the development of the plate was carried out in 
n-hexane/chloroform/methanol (40:20:11). The detection 
of the bands and the isolation of A as described 
previously resulted in 20 mg. of TLC pure A. The physical 
characteristics were as before. It gave the following 
elemental analysis. Found C = 70.33%, H = 8.17%, 
N = 0.00. Molecular weight 170, as determined by vapour 
pressure method using Mechrolab, Model 301A osmometer, 
and 140 by Rast method;calculated for C,,|Hj409; 
C= 72.3%, H = 8.43%. 
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Vmax (film) 3275 cm.”~ (OH) 1610 Gece IBC cians 
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=a -1 
ESO wem. (Cf = € aromatic), 824 cm. (p-disubstitution) 


= -1 -1 
Wares (KBs) i) SS 5OMem: ‘ (OE!) LOIO) Ching 8, S90 eins 75 
-1 


IBS) Ao) cans aa 850 meen Ss5aeme Hin, o2O a, SOOrems.) s 
Sime: ame o\me (eetee BOSS 2 Cleese —& aga), wag oA 
Glogial ="3587)), 28004 |) (logie = 3.77) 

Amax (base): 2118 A (doggie == 3592)", 2427 A (log € = 3.80) 
2966 A (log€ = 3.79) 


N.M.R. spectrum - 3.15 7 (4 aromatic protons) 


4.47 (1 proton - CH (OH)), 6.197 (1 proton - CH,.CH-) 
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NMR. SPECTRUM OF COMPOUND-A 
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8.78 (3 protons, twin peak -CH = CH3) - 


Physical properties: - Soluble in methanol,ethanol, 
acetone, chloroform, diethyl ether, benzene, and par- 
tially soluble in water and dilute mineral acids, com- 
pletely soluble in aqueous alkaline solution (pH > 8) 


m.p. 64 - 68°C after previous cooling to -70°C. 


Acetylation of Compound A:- 
0.13 g of compound A with traces of B obtained 


from column IL, eluate fractions (131 - 140), was dissolved 
in 5 ml of pyridine and was treated with 10 ml of acetic 
anhydride. The mixture was heated on a water bath for 
twelve hours and was then left at room temperature over- 
night. Excess pyridine and acetic anhydride were removed 
under reduced pressure. To the syrupy residue water was 
added and extracted with chloroform. The chloroform ex- 
tract was washed with dilute sulphuric acid, then water, 
and evaporated under reduced pressure to give 0.14 g of 

a viscous pale yellow oil. This was dissolved in methanol 
(10 ml) and the solution decolourised with charcoal. 

After filtration, followed by evaporation of the filtrate 
0.118 g of a pale viscous oil was left. This did not cry- 
stallise.. TLC of the oil showed it had three components, 


Re 0.6, 0.75, and 0.9. The compound Re 0.75 gave the 
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Purification of the acetylated compound: - 
The acetylated product 0.118 g was chromato- 


graphed on 4.1 g of alumina (activity V) column. The 


eluate fraction volume was 10 ml. 


Column VIII 


Fraction Weight — TC 
Solvent Number in mg. (Re) 
Benzene 1 as) 0) S95 OVS 
Benzene 2 69.4 (0) SAS) 
Benzene 3 10 OF 7/5) Or 0 


Benzene 4 0.9 OF SS; 0-4 


Fraction 2, was TLC pure acetylation product of 
A. It was also a thick noncrystallisable viscous liquid. 
The Re value was 0.75 in contrast to A, whose R>- = 0.38. 
The acetylated product gave the following analysis. 
Pound (C66. 91% H 7.01%; Molecular weight 258; -OCCH3, 
37.46%; calculated for Ci4H 1804, C, 67.26%; H, 7.26% 
-OCCH3 (2), 34.4%. 
Amax andAmax (acid): 2101 A (logé = 3.62), 2162 A 
(leogé .= 3.69), 2645 A (log.é. =.2..4'5), 2703 A (logé = 2.36) 
On a rapid scan, when base was added to solution of A, 
there was no shift in A max, but a rapid change took place 


giving the following. 
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SPECTRUM NO. 2756 - 62 
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ORIGIN: 
OPERATOR: 
same DIACE TYL-A 
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Amax (base): 2100 A (logé = 3.56), 2430 R (log€ = 3.72) 
2955 A (hog Ge =.3/497):. ; 
V max (Etim) 9 iG'S oo (aryl ester) 1735 ane (ester) 
L5gO enaea (C = C aromatic skeletal in plane vibration). 
N.M.R. spectrum: 2.97 (4 aromatic protons) 
5.47 (1 proton = CH- (OAc) , 7.37(2 protons - CH> -), 
8.2 T(2 protons - CH, =), ahd le (Seprotons.0f.-O3CO CH3) 
7.957 (3 protons of -OCO CH3) 8.777 (twin peak, 3 protons 
-CH - CH.) 
Hydrolysis of diacetyl A. 

15 mg of diacetyl A (TLC pure) was dissolved 
in 3 ml of methanol and was treated with 1.5 ml of 
sodium methoxide solution. The mixture was allowed to 
stand at room temperature for two hours. Then it was 
neutralised with dilute sulphuric acid; the reaction 
mixture was evaporated under reduced pressure at room 
temperature, the residue was extracted with chloroform, 
the chloroform extract was washed with water, dried over 
anhydrous sodium sulphate and evaporated to a small 
volume. TLC showed only A, Re 0.38. The oil obtained 
by the complete evaporation of the chloroform had the 
physical characteristics of A. This confirmed that A 
did not undergo any rearrangement on acetylation. 
Lead tetraacetate oxidation of A and diacetyl A:- 

The sample used for this oxidation was one of 
the fractions isolated from the alumina column, which 


contained only very small traces of B. For this 


reaction the following solutions were made. 
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1. A saturated solution of lead tetraacetate in 
glacial acetic acid at room temperature (20°C) diluted 
five times with glacial acetic acid. 2. 3% potassium 
iodide solution in a saturated solution of sodium acetate 
in water, N/100 sodium thiosulphate and N/100 iodine 
solution. 

31.6 mg of the sample were dissolved in the 
minimum quantity of glacial acetic acid, was treated with 
10 ml of the above lead tetraacetate solution, and the 
volume made up with glacial acetic acid to 25 ml ina 
volumetric flask. A blank consisting of 10 ml of the 
lead tetraacetate solution made up to 25 ml with glacial 
acetic acid in a volumetric flask. At regular intervals 
1 ml of the blank and 1 ml of the reaction mixture were 
added separately to 10 ml of the potassium iodide in 
sodium acetate solution. After five minutes 10 ml. of 
N/100 sodium thiosulphate were added to each of them. 

The excess sodium thiosulphate was then titrated with 
N/100 iodine using starch solution as indicator. The 


results of the experiment are given below. 


Time Volume of N/100 Volume of N/100 


in iodine consumed iodine consumed Difference 
Hours by blank (m1) by sample (m1) 

1 - Uo - 9.3 - 129 
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Amount of lead tetraacetate consumed by one mole of 
compound was 5 moles for C357H5 NO o- Subsequent work 
showed that the correct formula was C1044 4°: consumption 
was then 1.25. When diacetyl A was subjected to 
oxidation under the above conditions for A, after 72 
hours there was only 0.01 molar consumption of lead 
tetraacetate. 
Hydrogenation of compound A:- 

9.5 mg of TLC pure A were quantitatively 
hydrogenated at atmospheric pressure (697.5 mm/Hg) and 
at room temperature 2OuCx using Adam's catalyst (10 mg) 
as catalyst. The hydrogenation was carried out in a 5% 
solution of sulphuric acid in 95% ethanol. 3.2 moles of 
hydrogen were consumed during a period of three hours. 
Even after twenty-four hours there was no further 
consumption of hydrogen. When there was no more 
further consumption of hydrogen the reaction mixture 
was treated with barium carbonate to remove the sulphuric 
acid. The precipitated barium sulphate and excess 
barium carbonate were filtered off and the filtrate 
evaporated. The residue after evaporation was subjected 
to TLC when no component of R- 0.38 (ie A) could be 
detected. A broad oval streak Re > 0.4 was produced. 
Qualitative chemical tests on A:- 

Formation of azo dye:- 

To a solution of 20-30 mg of aniline in 

dilute hydrochloric acid at -10°C was added 2 ml of 


fe) 
10% aqueous sodium nitrite solution also at -10 C. 
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This mixture was added to a cooled solution of compound A 
(10 mg) in dilute sodium hydroxide. An orange red 
precipitate was formed immediately, indicating the presence 
of a phenolic hydroxyl group in A. 
Iodoform test:- 

50 mg of A were dissolved in 2 ml of a 12% 
aqueous solution of sodium hydroxide. To this solution 
was added dropwise a potassium iodide/iodine solution; 
until there was slight excess of iodine (pale brown colour). 
The mixture was then heated on a hot water bath. As the 
colour of iodine disappeared more of iodine solution was 
added until the colour of iodine persisted for a few 
minutes. A few more drops of 12% sodium hydroxide 
solution were added until the brown colour just disappeared. 
Then to the hot solution was added about 10 ml of water. 
A yellow precipitate was formed. This had the odour of 
iodoform and melting point and mixed melting point with 


iodoform 119.5-120°c. 


Synthesis of A 
(a) Synthesis of 4-(p-hydroxyphenyl) -3-buten-2-one (I) 


This compound was synthesised according to 

Zemplen (59). 4.8 g of p-hydroxybenzaldehyde, 18 ml of 
acetone and 14 ml of a 12% aqueous solution of sodium 
hydroxide were mixed and shaken for twenty-four hours. 
The orange-red crystals deposited were collected, 
dissolved in water and acidified with 10% hydrochloric 
acid. On acidification an oily liquid separated, which 
solidified after keeping at o°c. for three hours. The 


solid (3.5 g) after crystallisation and recrystallisation 
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from hot water, gave 2.5 g of pale yellow crystals 
map. Mlo.5 C.0-giad ce (Reported) l26-a13Scwe((59), and 
12 -eetGo)it STLCHiRe OF60r 


fe 


Varo 3125 cm. 71 (-OH intermolecularly bonded), 1670 aie 


(<cnmen=8—}\y 1EBONEme Mand(C=e=phEny; awlGoo cris an 
5155 om. 7+ (-C=C-aromatic), 815 ened 835 cm. 2 
(p-substituted). 

Artis ands ics (acid), 2340 K (logé = 3.84), 3270 A 
(logé = 4.26). 

aes (base), 2520 A (log €2=)3278)%13250 a (logé = 3.4), 
3900 A (log€ = 4.39). 

(b) Synthesis of 4-(p-hydroxyphenyl) -butan-2-one (IT) 

WO ‘G. offe(D)e was Ayer onenared in 95% ethanol, 

using palladium/charcoal (150 mg) as catalyst. When 
hydrogen uptake ceased the hydrogenation was stopped and 
the catalyst was filtered off from the reaction mixture 
and the filtrate was evaporated to dryness under vacuum 
to give 1.0 g of the hydrogenated product. This was not 
purified and was used directly in the next step of the 
reaction. TLC revealed two spots Re 0.38 and 0.43. 
The hydrogenation was repeated using 0.50 g, This 
resulted in a reaction product which contained two 
components, Re 0.38 and 0.43. 

Zemplen (59) reported the reaction product as 


a crystalline solid m.p. 78 - 79°C. and Mannich (60), 
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(c) Preparation of 4-(p-hydroxyphenyl) -butan-2-0l (IIT) 

IO! quot inc (from (b)) was dissolved in 20 ml 
of methanol to which was added 0.40 g of sodium 
borohydride in methanol solution. The reaction mixture 
was kept for an hour and then it was made acidic with 
dilute sulphuric acid and extracted with ether. The 
ether extract was washed once with water, dried over 
anhydrous magnesium sulphate and the dried solution was 
evaporated under reduced pressure to give 0.80 g of a 
colourless thick viscous liguid, which did not 
crystallise from solvents. On keeping the viscous liquid 
at o-c. for a day it solidified to give needle crystals. 
Mepeaows = 68°C. (Reported 70 - Tales (59), 69 )- 70°C. (60) , 
68) akOcciea(G)i, 192 @).(62). The R- 0.38. 


£ 
Oo 
A and NOE. (aci@). 2038 A (llog< = 3474), 


max 
fe) fe) 
2247 A (Voqier= a3 387 a MyZiSOONAMGliog €=t= 4317-7) 
fo) fo) 
A (base) 2118 A (loge = 3.82) 2427 A (logé = 3.89) 
max 
fo) 
2ZIGOSAY (Giog <ra= 43". 79) 
=-1 
YY (W701) 93350 tem. (OH) 
max z F 2 
1600 cm. 1590 cm. and 1500 cm. (-C = C - aromatic), 
—1 
824 cm. (para. disubstitution). 
-1 =] =] 
> 4 (KBr) f2 0313 SO Temior om 1 orOeen: #590) emir sy 
max 
=i) -1 -1 —l =-1 
HStOreme = 7 -S5OCcmt 4171 0Ss 5uemt 820 cm. and 800 cm. . 
N.M.R. spectrum 3.15 T (4 protons) 4.4 Tf (1 proton) 
Golomb roton)laeioov aie (2 protons) Gue.27 ar al(2eprotons) 
So7iGhina(SapLotons)). 
Synthesis of (IIT) 
0.05 g of (I) was dissolved in 10 ml of 95% 


ethanol, 2.0 g of 2% sodium amalgam added and the whole 


Lin OS “#E Bevloneib aw (eth oe, a. ye e phe he syle 7 f ‘j 
mu tbos to P 00.0 Bebbs aswsoinw os Lonsritem to | 
enudxin cottosen ont oobtalor, fomsdsem mit ebiabydosod / 
dtiw oibiow el dew chk mort bas. wort mB 102 3qox caw 
eto bas bios obuuriqive eruLip ; 
tevo beiab Jnestene iii sone berlasw asw tosstKe reddte : 
sew folktwiee bet wh ‘eit | bas. } 


edt _wertshe fitiw fe 


60 9 O8.0 evte ek smweeong hidis ebro eunimaaala 

ton bib do belw: sbiwpit auooeiv Aoids azelwolos 

bivphl evooaiv eid enkgeor 6) .edmavios meth setifedeyx 
hy aibeor vie: edb bata tfoe ot whquath ods 
(08) .D°OF ~/€8 4 (28) .9 "88 - 9° basaeqe8 ey ee 
| | 88.0 6 Ou GO), 29748 (4a), .9%or) + 88 
LOT.E = del) BR CBOR eiltitey pam iis, aK 
£8 =) Speed’ anal 8sE = prot) & TASS } 
(C8.6 = Dpot) A TSS (S848) prot) 2 BLES) Asasd) OK i? 
, Peas pol) 6882s | 

ce) ae | tober 

. (Sid emors ~ Die) D-)) aed o0eL aiaits mig ORAL ** ana 0024 


el ' 


(ookausisedvesd vag) “yao. 388 
ee. ee * ofat mei tae agae 
4 sma OO8 Bris iat ose a eee y * ia 088 «smo s04et 


(moderna I). 7 hap (anodorg a) T 21,8 muatpege .4.M.4 
(anosoxg $), T'FS28) + <(enadeate ogy: TLR: shame AeTAEND. 


Kee Qo Lm Of nt pevlosmtb ms 


oloiw edd bas bebbs maplams a hb 
a : a 7 


=O 

shaken for twelve hours. The solution was then filtered 
free from the mercury and evaporated to 3 ml. This was 
added to 10 ml 1N hydrochloric acid and the acid solution 
extracted with chloroform. The washed chloroform extract 
on evaporation ‘in vacuo’ gave 0.04 g of an oily residue. 
TLC showed this to be a mixture, Ry 0738 Jjand O#43. . The 
residue was dissolved in 2 ml of methanol and 50 mg of 
sodium borohydride added. After fifteen minutes 10 ml 
dilute hydrochloric acid was added and the resultant 
solution extracted with chloroform. The residue (0.035 
g) obtained after evaporation of the water washed 
chloroform extract was a clear viscous oil. TLC showed 
to have an Re 0.38 and it was identical in all respects 
to III obtained in (c). 
Acetylation of III 

0.08 g 4-(p-hydroxyphenyl) -butan-2-o0l, 3 ml of 
pyridine and 6 ml of acetic anhydride were mixed and 
heated on a water bath for three hours, after which the 
mixture was evaporated under reduced pressure to remove 
as much as possible of the excess pyridine and acetic 
anhydride. Water was added and the resultant mixture 
extracted with chloroform. The chloroform extract was 
washed first with dilute sulphuric acid, then with sodium 
bicarbonate solution, finally with water and evaporated 
under vacuum to give 0.082 g of a colourless thick 
viscous liquid. Be value 0.75. 
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(log € = 3.69), 2645 A (log€ = 2.45) 2703 A (logé = 2.36). 
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On a rapid scan when base was added to the solution of A 
there was no shift in VO8) but a rapid change took 
place to give the following 
Anax (base): 2100 A (loge = 3.5) 2430 Auatuogies 73. 72) 


2959 KR (logé = 3.97). 


i i: 


Yo: (£ilm). 1765 cm. 1735 cm. 1510 anaes 
max 


N.M.R. spectrum 2.97 (4 aromatic protons) 5.47 (1 proton) 


joe Qe. protons)  8.2-'<(2. protons)< W575 7 (3 protons) 
VoD aoe PLOLONS)SeGe77 m(s= protons) * 
Synthesis of 4-(o-hydroxypheny1l) -butan-2-ol1 

0.21 g of 4-(o-hydroxypheny1) -3-buten-2-one 
was dissolved in 20 ml of 95% ethanol and the resultant 
solution shaken for twelve hours with 8.0 g of 2% sodium 
amalgam. The cloudy solution was filtered from the 
mercury globules. To the filtered solution was added 
0.15 g of sodium borohydride and the mixture left for 
two hours. Excess dilute hydrochloric acid was added 
and the solution extracted with chloroform. The 
chloroform extract after a water wash was evaporated 
under reduced pressure to give 0.163 g of a colourless 
viscous oil. The oil could not be crystallised. 
Wl i GE 19m) 963275 engi? (OH) 
1600 a 1505 ene 2 (Cc: = C aromatic) 755 cm. 
(ortho disubstituted). 

The infrared spectra of compound A and 
4-(p-hydroxypheny1) -butan-2-o0l were superimposable. 
The spectrum of 4-(o-hydroxypheny1) -butan-2-o0l was 


completely different to that of A. 
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CHEMICAL EXAMINATION OF COMPOUND D. 

Compound D was obtained from the steam 
distillation procedure of E.3. In general D always 
contained traces of C, but from one steam distillation 
procedure a )99% pure D was obtained. It was a viscous 
liquid and did not crystallise. The Re On.66- Tok. 
spectrum showed the following absorption peaks in the 
carbonyl region 1779 ae 1732 anes. 


: ie) e) 
Arse and Da, (acid). 2041 A (logé = 4.68) 2410 A 


Oo 
(log€ = 4.69) 2740 A (loge = 3.74). 


ast (base): 2051 R (log € = 4.69) 2420 R (log€ = 4.69) 
2740 8 CLO GuG 6= 3'57/ 5) 3030 R Glogig, = 3/315) . 
Hydrolysis of the sample recovered from Column VI. 

0.120 g of the substance recovered from the 
column VI, eluate fraction 5, was treated with 10 ml of 
O.1 N aqueous sodium hydroxide and the turbid solution 
heated on a water bath for fifteen minutes; when it was 
acidified with 2 N sulphuric acid and the aqueous 
solution extracted with ether. The residue obtained 
after evaporation of the ether extract did not crystallise. 
It was then transferred to a sublimation tube and 
sublimed at 50°C. to give two zones, one a crystalline 
substance, the other a thick viscous liquid. The 
crystalline material had m.p. 120.5° - 121°C. The 
infrared spectrum of this material was identical in all 
respects to benzoic acid. A mixed melting point with 
benzoic acid showed no depression. The viscous liquid 
was identified as compound A both by infrared spectrum 
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Preparation of the monobenzoyl derivative of 
4- (p-hydroxypheny1) -butan-2-o01:- 

0.10 g of 4-(p-hydroxyphenyl) -butan-2-0l was 
dissolved in 20 ml of 10% sodium hydroxide solution. 
To this was added with continual shaking benzoyl 
chloride, until after thirty minutes, a white precipitate 
was formed. This precipitate was then extracted with 
chloroform. The chloroform extract was washed with 
dilute sulphuric acid and then with a dilute solution of 
sodium bicarbonate and water until the washings were 
neutral. The washed chloroform extract was dried and 
then evaporated to dryness to obtain 0.14 g of product. 
The dry residue was crystallised from benzene/n~hexane 
mixture to obtain 0.13 g of a white crystalline product 
msp. 68 - 69°C. Reported 59 - 60°C. (59), 68 - 69°C. (63). 
The TLC indicated that it was a single component Rr, 0.58. 
The infra-red spectrum in nujol showed the following 
absorption bands, 3320 oe (-OH), 1732 Bane 
(O-benzoyl aryl ester) 
eve and Ai (acid): 2033 R CiogieAc= DS. 25) kee2Sis5 A 
(logge =1831n22))r 
Vent (base): 2096 R (loge = 3.38) 2315 A (log@e@e= i821). 
The Re corresponded to compound C of extract E.3. 
Preparation of the dibenzoyl derivative of 4-(p-hydroxy- 
heny1) -butan-2-ol 

0.10 g of the monobenzoyl derivative was 
dissolved in 15 ml of pyridine and 0.5 ml of benzoyl 


chloride and the mixture was heated on a water bath for 
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SES 
two hours. It was then poured into cold water and 
vigorously stirred for 30 minutes to destroy excess 
benzoyl chloride. The mixture was extracted with 
chloroform. The chloroform extract was washed with 
dilute sulphuric acid to remove excess pyridine and 
then several times with dilute solution of sodium 
bicarbonate to remove excess benzoic acid, and finally 
with water. The washed extract was dried and then 
evaporated under reduced pressure to remove the solvent 
and to obtain 0.12 g of a colourless viscous oil. This 
could not be crystallised and had Re O66. The produce 
was TLC pure. 

Va CE aim) ae rela7a7.9 aa (O-benzoyl alkyl) 1732 em. = 
(O-benzoyl aryl) 


Amax 
° 
(logé = 4.69) 2740 A (logé = 3.74). 


fe) fe) 
and Nee (acid). 2041 A (logé = 4.68) 2410 A 


ee (base) 2054 A (logé = 4.69) 2740 2 (log € = 3.75) 
3030 A (logé = 3.31). 

This dibenzoyl compound was identical in all 
respects to the pure sample of compound D. Therefore D 
is the dibenzoyl ester of A and by inference C is 
identical to 4-(p-benzoyloxyphenyl1) -butan-2-o0l since it 
was produced from D by hydrolysis. In columns similar 
to column VL late eluate fractions were obtained 
containing only A and C. The I.R. spectrum of these 
showed a carbonyl absorpticn at 1732 Site also shown 
by the mono (aryl) benzoyl compound. No other carbonyl 


absorption was present. Further using the synthetic 
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monobenzoyl derivative as seed crystals compound C was 
crystallised (10 mg) from one of the eluate fractions. 
This was also found to be identical with the monobenzoyl 
derivative of A in all respects. 
CHEMICAL EXAMINATION OF COMPOUND B:- 

This was a white non-crystalline substance 
INU jowhaGyy y= Onl 


£ 


ny ae (nujol):: 3340 cm. 


-1 
L7sONcm. (ester). 


: (-OH intermolecularly bonded) 


e) e) Oo 
Amax 224 Amax (acid).2041 K, 2294 A, 2739 A, 2809 A. 
ax max 


ie) Oo e) Oo 
7S (base): .2132.A, ..2294.A, 2739. A, . 2809-A. 
max 


N.M.R. spectrum: 


9.097 (single peak 3 protons *C - CH) 
8.947 (single peak 3 protons 3sC - CH.) 8.72} (single 
peak 3 protons 3c = CH3) 8.63 T (single peak 3 protons 
3c - CH,) 8.237 (single peak 2 protons - CH, - 
7.96 T(3 protons - 0.CO CH3) 7.92 7(3 protons - OCO 


CH 5.58 ince protons. — CHE )wi 2 Lin proton) 


3) 
4.63.7 (lL pLoton)) 4.4..4 js daspGOLOn) =:4.OiGls proton) 
3.437 (1 proton) 2.387(4 aromatic protons). 
Permanganate oxidation 


The sample chosen for this reaction was from 


a column similar to column II: the eluate fractions 
corresponding to (131 - 140). By TLC the material was 
B and A with larger amounts of A than B. Although B 
was present only as the minor component, the sample was 


used without purification for the oxidation reaction, 


Since the structure of A was known. 160 mg. of this 
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sample were treated with 20 ml of 2N aqueous sulphuric 
acid solution and finely powdered potassium permanganate 
was added, a little at a time. The reaction was carried 
out at about 90°C. (on a boiling hot water bath). The 
addition of the permanganate was continued until a 
pink colour persisted. The mixture was then heated for 
another two hours on the water bath. After cooling the 
excess permanganate and the precipitated manganese 
dioxide were decomposed with solid sodium meta-bisulphite, 
the reaction mixture was then extracted with ether in a 
continuous extractor for twenty-four hours. The ether 
extract was washed, dried and the dried ether solution 
was evaporated to dryness under vacuum to give 25 mg of 
residue. This product did not crystallise. On 
sublimation at 50°C. at about 0.05 mm/Hg, 1.8 mg of a 
white crystalline sublimate were obtained. This had 
mop. 130 = jane Infra-red spectrum of this sample 
was identical in all respects with phthalic anhydride. 
Mixed melting point with phthalic anhydride showed no 
depression. TLC on silica gel plate using 95% ethanol/ 
water/25% aqueous ammonia (25:3:4) solvent mixture gave 
single spot Re 0.27, identical to phthalic anhydride. 
PAPER CHROMATOGRAPHY OF BIFLAVANOIDAL COMPONENTS OF 
T. brevifolia:- 

The alkaline mother liquor from the extraction 
of T. brevifolia by method (a) (section (ii) were 
brought to pH 3 by the addition of concentrated 


hydrochloric acid. The resultant golden yellow aqueous 
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solution was extracted with n-butanol until the butanol 
extract was colourless. The combined butanol extracts 
were washed with water. Much of the water in the 
butanol extract was removed by anhydrous sodium sulphate 
and the resultant solution evaporated to dryness 
"in vacuo’. The resultant brown tarry mass was 
extracted with anhydrous methanol and the methanolic 
extract evaporated to dryness. 

Paper chromatography using the conditions of 
Di Modica, Rossi and Rivero (58) on the methanol 
extract, the heptane extract of the plant material and 
also E.3 failed to reveal any traces of biflavanoidal 
pigments. This was in contrast to a similar extract 
from T. baccata when spots having a flavanoidal reaction 
corresponding to the biflavanoidal components reported 


by the above authors, were easily detected. 
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